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PREFACE ТО FIRST EDITION 


Tur problems with which an active statistical department may have 
to deal, require, if their solutions are to be made widely accessible, 
a great variety of special tables; A number of those in the present 
book are familiar to statisticians, and are already widely used. In 
presenting them in a convenient form, the opportunity has been 
taken to supplement them with a selection of others, chosen as likely 
also to be of value, and not accessible elsewhere. The volume is 
completed with a number of tables of standard functions of general 
utility. The experience of the authors of the problems arising in 
practical research, is the basis of the selection, from among those tables 
which from time to time have been computed for special purposes. 

To perform their compilation, the main work has been to complete 
the tables in a form suitable for the general user, and, what is by no 
means easy, to ensure their entire accuracy. In addition we have 
been principally concerned with the design of printing and arrange- 
ment, which shall be suitable both for constant and for occasional 
users. Comments from both classes of reader will therefore be 
especially valued. 

We are indebted to all workers at the Galton Laboratory, 
and at the Statistical Laboratory, Rothamsted, and especially : 
со W, L. Stevens, for assistance in the completion of our task. 

R. А. Е. 
Г. У. 
August 1938 


PREFACE TO FOURTH EDITION 


Tue second edition contained as new material Tables Ут and Уг 
for the test of significance cf the differences between two means 
obtained by different methods ; Table УІІІ, which supplies solutions 
of the type of problem illustrated in Examples 1, 2 and 4, more direct 
than those previously available; and Table VIII2, which gives 
densities of organisms estimated by the dilution method, Additions 
to the third edition consisted of Table XIr (due to Dr D. J. Finney) 
which gives the modified probit weighting coefficients necessary for 
dosage mortality tests involving deaths among controls ; the inclusion 
of the то per cent. points of а and e* (based on the tables of the 
У 
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incomplete Beta function of Miss Catherine M. Thompson, for 


which we are indebted to Prof. Е. $. Pearson and Dr У. С. Panse), 


in Table V; Table XIV1, which gives a method of scoring linked 
data from intercrosses of double heterozygotes; the extension of 
Table XXIII of orthogonal polynomials for values of и’ from 53 to 
75 (due to Mr V. Satakopan); and the extension of ашы XXVI 
of natural logarithms to cover the range "100 to 1:00. 

The combinatorial solutions of Table XVII were ee 
extended and simplified in presentation in the second edition by the 
more extensive use of solutions of the cyclic type, and the corresponding 
section of the introduction was expanded to give an account of Youden’s 
Squares, and of the method of utilising information, formerly dis- 
carded, from comparisons between blocks. Further new solutions 
were added in the third edition, and some further modifications have 
been made in the fourth edition. 

Table VIII was improved in the third edition so as to allow 
for interpolation for values of the observed event above то; Table ХТ, 
of weighting coefficients and probit values for adjustments of special 
accuracy, was recast in order to simplify its use; Table XXXIV of 
constants, weights and measures, etc., was slightly revised; and a 
small positive bias was removed from the 1 per cent. values of 
Table Уг for the significance of the difference between two means. 

The following new material has been included in the fourth 
edition: Table VIII3, which provides а test for the existence of a 
periodic component; Table XIV2, which gives a set of functions 
termed “the segmental functions” which serve to specify the 
frequencies of non-recombinant and recombinant gametes in terms 
of the metrical positions of the centromere, a series of markers and 
the terminus of the chromosome arm; and Tables XXXIIIr and 
ХХХ ИФ, which contain random permutations of то and 20 numbers 
respectively and are of use in the construction of experimental 
arrangements. 

In addition a further table of the normal integral, Table VIII4, 
has been added. In this Table the deviation from the mean of the 
distribution is taken as the argument. The section of the introduction 
on dosage mortality tests involving a natural death rate has also 
been re-written. (We are indebted to Dr D. J. Finney for this.) 

We have from time to time received a number of requests for the 
inclusion of simple tables, useful for special fields of work, or giving 
approximate tests or estimates, which can easily be derived from 
tables either given in this book or available elsewhere. Examples 
of such tables are: the factors required to obtain an estimate of the 
standard deviation from the mean range in samples from a normal 
distribution (derivable from Table ХХ--а note on the use of such a 
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table is included in the introduction); the multiple infection trans- 
formation у = 100(1—e~*") (derivable from Table XXVI). 

The inclusion of tables of this kind considerably increases the 
size of the book. Those giving approximate tests or estimates might 
also unduly encourage the use of such tests or estimates in fields in 
which they were not really appropriate. We have therefore considered 
it best to leave the compilation of such tables to the workers who 
require them. This has the advantage that they can then be arranged 
in the form which is most suitable for the particular purpose for 
which they are required. 

For the convenience of owners of other editions, a list of errata 
has been included showing all the errors of any importance not 
previously discovered. Our thanks are due to those who have 
drawn our attention to these errors. Our especial thanks are also 
due to members of the Department of Statistics at Rothamsted, and 
particularly to Dr P. M. Grundy, for their pains in preparing the 
fourth edition for the press. : 

Е. А. Е. 
Бас 


LS 


16th June 1952 
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e ERRATA TO THE THIRD EDITION 


The page numbers are those of the third edition ; all these errors 
have been corrected in the fourth edition 


р. 21, For (8 X 25968 X 27/32) read (8 Х 25968 X 32/27). 

Table I, ре gr. 2 = 015: for 1:439521 read 1439531. Р = 0:56: for 0:582841 
read 0:582842. P = 073: for 0:345125 read 0:345126. 

Table ПІ, p. 32, last column. Fór 12:041,. 6:859, 5:405 respectively, read 12:924, 
6:869, 5:408. : 

Tablé IV, р. 33, last column, Zor 16:268, 18:465, 20:517 respectively, read 16:266, 
18:467, 20:515. 

Table У, p. 34. #2 = 1: for 1:3097, 1“3400 respectively, read 1*3067, 13397. Па = 24: 
Sor "452, "1829 respectively, read "1453, 1831. 

Table V, p. 35. #4 =1: for 13:73, 14:59 respectively, read 13:64, 14°58. 

Table У, р. 36. ту соо, и» = 120: for +0081 read 0881. | 

Table У, р. 39. 7,-56, та = 00: for 2:09 read 2:10. 

Table У, р. 41. #1 = I, % = 2: for 98:49 read 98:50. mj —2, па = 3: for 30°81 
read 30:82. т = 8: for 5981, 99:36 respectively, read 5082, 99°37. 

Table V, p. 42. Zhe following values were in error: Ny = Y, Из = 3, 5, 1, 40, 120; 
пу = 2, Ny = 5, 20, бо, 120; My = 3, M= 1 405 1 = 4, И: = б, 7, 85 m = 5, 
y= 6, 19; ty — 8, Из =5, 29; Ф = 12, Me = 21; 753 = 24, па = 5, бу 8, 19, 
21, 120; M= 00, Па 3, бо, 120. For correct values see Table, The largest 
alteration to a value with naz 10 amounts 10 0:0029. 

Table V, p. 43. The following values were in error: ny = 1, Ма 3 575 1 —2, 
пъ =з, 120; m = 45 n= 6; fh —5, Па = 195 и 00, И: = 120. For 
correct values see Table. None of the alterations to values with пуло exceeds 
2 units in the last decimal place. 

Table ХУЦ, р. 64, №. 11. The instruction should read, Use 19, taking any set of 
nine varieties occurring in the same block, and deleting that block. (и the fourth 
edition a cyclic solution in two families 15 given.) 

Table XXII, p. 69. The following values were in error: # = 12, S == 19, 21, 22 
23,24, 254 7 = Та, S = 23, 24, 255 75514, S = 24, 25; 7 — 1575 = 25. For 
correct values see Table. Jn no case do the first 9 digits require alteration. " 


INTRODUCTION 


TABLES 1 то VII. TESTS OF SIGNIFICANCE BASED ОХ THE NORMAL DISTRIBUTION 


Tableg I to VII constitute a group of tables, based on the normal distribution, and now widely used 
in making tests of significance. ‘The common uses of these tables are fully illustrated with numerical examples 
in Fisher’s Statistical Methods for Research Workers, where they were first published. Further statistical 
problems soluble by the same tables are, however, constantly being discovered. 

If x is the deviation from the mean of a normal distribution having unit variance, the ordinate z, given 
in Table 11, is obtained from the algebraic expression 

5 1 
тие 
2m 

The integral of this function gives the area of the curve, or the frequency of observations, between the 
limits of integration. The fraction of the frequency falling outside the limits +x is, therefore, 

90 
P3 | зах. 
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Table I gives the values of « corresponding with various values of this fraction. 
The distribution of 7, due originally to “ Student,” is used to test the significance of a deviation when its 
standard error is estimated from the data; 1 із the deviation divided by its estimated standard error. The 


algebraic expression for the ordinate of the distribution is 
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Table ПІ gives the values of / corresponding with various values of the probability of a random value 
falling outside the limits +7. The integer и is the number of degrees of freedom available for the estimation 


of error. 

The quantity x?, used to test goodness of fit, homogeneity, and for a variety of other purposes, may be 
regarded as the sum of the squares of л variables, which vary normally and independently about zero with 
unit variance. It is a useful single measure of the aggregate of a set of deviations from expectation, ‘The 


element of frequency may be expressed as 
ae #1»). 


When и is even the probability of exceeding any given value х? is reducible to the partial sum of a Poisson 
series : : 
ne си | 2 1 2 А 4 2 inel 
ре f arm cm aae bnt O 0Ј. 
ЭА ! че —! 
"The mean of the whole Poisson series is }x*, the sum of the whole series is unity, and the number of terms 
in the partial sum is Зи. In consequence the table of x? (Table IV), which gives the values of. 2 for various 
values4óf Р, can be used to find the mean of a Poisson series of which the first 4# terms constitute а given 


fraction of the whole. 


Example 1 


Four serious floods have occurred in a given region during a century's experience ; supposing the numbers 


of floods experienced in different centuries are distributed in a Poisson series, find the mean number for which 


only one century in 2o would have four serious floods or less, and the mean number for which only one century 
in го would have 4 floods or more. 

Tn the first case we need the first five ter AM 
value of х215 18-307 ; the expectation would be 9:154 floods per century. If, on the contrary, 
in 20 experienced 4 floods or more, the first four terms of the series would constitute 95 pet cent. 


ms of the Poisson series, so z = то; the table shows the 5 per cent. 
only one century 
of the whole ; 


I A 
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for 1—8, the 95 per cent. 28 is 2-733, corresponding with a frequency of 1366 serious floods per century. 
Unless our experience has fallen in the upper, or the lower 5 per cent. range of the distribution, the expectation 
lies between 1-366 and 9-154 floods per century. Моге or less stringent probabilities might, of course, have 
been chosen. Table VII has been constructed to make this test directly at the то per cent., 2} per cent. 
and $ per cent. limits. Entering the table with а = 4 and М = co, for instance, the 2} per cent. limits of the 
expectation are found to be 1-09 and 10°24. 


In testing goodness of fit x? is simply calculated from the numbers observed and expected in each 
distinguishable class. If m is the frequency expected and а that observed, then 


ang mE c (2) —S(a) 


т . 


where the summation is taken over ай classes. The number of degrees of freedom is the number of classes, 
the frequencies of which can be varied independently without violating any totals, sub-totals, ete., which may 
have been used in calculating the expectations. It is inadvisable to use classes with expectations less than 5, 
so that these will usually be grouped in larger classes in applying the test, (See, however, Table VIII.) 

The quantity г may be defined as the difference of one-half the natural logarithms of two different estimates 
of variance, one based on л, and the other on па degrees of freedom. Table V gives values of 5 for different 
values of the three variables лу, ль and Р. The corresponding values of the variance ratio, 625, are given on the 
opposite pages. We may usually consider a test as a test whether one estimate of a variance based on 7h 
degrees of freedom significantly exceeds a second estimate based on из degrees of freedom. We are indebted 
to C. С. Colcord and L, S. Deming (0) for the extension of Ше с table to P = ‘cor, to Н. W. Norton and 
Iowa State College for Р = +2, and to Catherine M. Thompson (40, 41) and the Department of Statistics, 
University College, London, and to V. С. Panse (42) for P = +1. 

The distributions of / and of у? are equivalent to special cases of the distribution of 2. ‘Thus when 
т = 1,  — её and Р for л, degrees of freedom is the variance ratio. Equally, when пу = т, the variance 
ratio is the value of 1//? corresponding with the probability 1 —2. 

When па = 00, the variance ratio is х/т; for z degrees of freedom; and when / = co it is the value 
of z5/ x? Рог и, degrees of freedom, corresponding with the probability 1—2. 

From the value 6 onwards the values of лу tabulated are in harmonic progression; ѓе. they are the 
numbers for which 24/7, takes the values 4, 3, 2, т and о. As the corresponding values of s run smoothly 
other values of я, may be used by interpolating for the values of 24/zj. Similarly, the largest и, tabulated 
are those for which 120/7, takes the values 4, 3, 2, т and o. The с values for any pair of numbers n, and я, 
can thus be found from the table. With lower accuracy the variance ratio may be similarly interpolated. For 
high values of z and 75 a useful approximation is given below the table for each value of Р tabulated, 

In the table of з, like that of x*, the probability given, and most frequently wanted, is that of a single tail 
of the distribution beyond the tabulated value. For the tables of х and 7 it is the sum of two equivalent tails. 

In addition to its general use in the analysis of variance, the s table is related to the partial sum of a binomial 
series in the same way as is that of x? to the Poisson series. The ratio of the sums of squares is лупа times the 
variance ratio, ог ще? тр. If : g is the ratio of the sums of squares, Р is the sum of the first 4, terms of the 
expansion of (+) Ка? тт?) and 1—2 is the sum of the remaining фи terms. 


Example 2 


An event has occurred 3 times out of 14 trials. The probability of its occurring 3 times or less, is 
represented by the sum of the first four terms out of 15, hence #, = 8, 7, = 22. If P — 1 per cent., the 
table gives a variance ratio 3-45 ; hence the ratio of the sums of squares is 3°45X 8/22 = 1:255 = 7. Thus 
Р = 1:255/2:255 = “557. On the other hand, for the probability of its occurring 3 times or more, we need 
74 = 24, ль = 6, when the variance ratio is 7-31, and g/p = 29:24, роз 1/30°24 = ‘оззт. Unless our 
experience has fallen in the upper or the lower 1 per cent. range of the distribution, the probability of 
occurrence lies between "0331 and "557. 3 

This type of problem also may be examined at other levels of significance by the use of Table ҮШІ. 
Entering the table with а = 3, р = 3/14 = 0-214, we find that the limits of expectation, at the probability 
level Р = $ рег cent., are o*36o and 8:26, giving the corresponding limits of the probability of occurrence as 
:0257 and ‘590. ИР = 2} per cent. the limits are "0466 and +508. 

If the event had not occurred at all in 14 trials, it is still possible to assign ап upper limit to the probability. 
For P = 2} per cent., for example, the upper limit to the probability is 1:025" or +232, and for P=} 
per cent. it is —‘005 or ‘315, corresponding to upper limits of expectation of 3-25 and 4:41 respectively, 
The same result can be obtained by interpolation with respect to z//V in Table ҮШ. 


Table УТ gives the exact test of significance for inter-class correlation coefficients, This is equivalent 
to the / test of the regression, which reduces to 
2. 


ҮЕ a/n'—2 


for #’—2 degrees of freedom, where x’ is the number of pairs on which the correlation is based. The results 
often differgmaterially from the comparison of 7 with its standard error estimated from the formula, 


Е 


2 


1 
E с. = . 
Ani —1 
Other comparisons involving correlation coefficients are best carried out by the 2 transformation provided 
by Table VII. 


. 
TABLES Ут AND V2. SIGNIFICANCE OF DIFFERENCE BETWEEN TWO MEANS 
Tables Ут and Уг give the test of significance, due originally to Behrens, for the difference of two means 
for which the errors are due to different causes, so that estimates of variance cannot properly be pooled. In 
general we need the percentile points of a distribution compounded of two Student distributions with 7, and 
degrees of freedom. The ratio of the scale-factors s, and 5, is given by 
51/52 = tan б, 


and the difference is judged to be significant if it exceeds dy/ s3? +s. 

For each level of significance the value of d is required given the 3 known values а, по and 0. Table Уг 
by P, V. Sukhatme gives the 5 per cent. and т per cent. points for 15° intervals of 0, and for the lattice of values 
6, 8, 12, 24 and oo for я; and ль. Four-point interpolation is sufficient for full accuracy. 

Table V2 deals more fully with the marginal case z, = co, where the distribution is compounded of a 
normal component of known variance and a component of Student's type. This occurs when we compare 
estimates of a physical constant, one of which is based on a large quantity of data of low precision, while the 
other rests on few, but rather precise, observations. When the errors from these two estimates are of com- 
parable magnitude, both can be taken into account by finding the angle, defined by 


tan 0 = o/s, 


while the significant value for the observed difference is 
dy/s*+-0*. 
(hus for high angles the distribution tends to normality and for low angles it tends to Student's form. 
Sukhatme’s values for г per cent. have been revised to remove the very small positive bias, about гоог 
in d, detected by comparison with the asymptotic calculation used in constructing Table V2. 


Example » 
та, us suppose that a physical constant evaluated by а new method gives a mean of twelve determinations, 
& = 477383, 
and that the sum of the squares of the deviations of these values from their mean is 
S(x—3a)* = ‘011580, 
so that from тт degrees of freedom the variance of the mean is estimated to be 
s? = ‘00008773, 
and the estimated standard deviation of the mean із 
5 = "000360. 

For тт degrees of freedom Student's / is 2:718 at the 2 per cent. point, so that at this level of significance 
we should regard our observed mean as differing significantly from any value outside the limits 
ж різ 

= 773834: 02546 
= 4 74837; 4 79929. 
If, now, numerous previous determinations, using a different method, have given the value, 
и = 4744, 
outside these limits, it would appear that there must be a real discrepancy between the results from the two 
methods used. 

The comparison, however, is not complete, if we realise that р also is not a perfectly precise determination, 
for it might be that though the value adopted is incompatible with the new observations, yet авг both methods 
might be simultaneously compatible with some intermediate value of the constant. 

Behrens’ test enables this question to be answered, when the precision of р is known, by. averaging the 


3 


2 
probability of obtaining so high a deviation, when р is assigned a frequency distribution instead of a fixed 
value. If, for example, the value of р adopted, has a standard error, о, based on a large number of degrees 
of freedom, with 


о = "00382, 
we should find, 
tan 0 = o/s = "4079, 
0 = 22° 12"; 2 
and 


$. :02983 


= UN "t ро? тото 


= 2949 


Table V2 shows that at the 2 per cent. level of significance 4 is only 2:704 at 20°sand 2:637 at 30^, for 
то degrees of freedom. For 11 degrees of freedom lower values still would be significant. | The discrepancy 
observed is therefore а significant one, even when the errors to which p is liable are fully taken into account. 


TABLE VIII. TESTS ÓF SIGNIFICANCE FOR 2x2 CONTINGENCY TABLES 


Contingency tables are normally tested for significant departures from independence by means of the 
xã test. Provided that more than one degree of freedom 15 involved this test is satisfactory, even when the 
expectation in each class is quite small ; but with only a single degree of freedom (as in 2 x 2 contingency tables) 
the number of possible sets of values satisfying the given marginal totals is small, so that the discontinuity 
of the resultant distribution is marked, whereas the у? distribution, which is an approximation to it, is 
continuous. The effect of this discontinuity can be overcome by applying Yates’s correction for continuity 
when calculating 33. This is done by reducing by 4 the values which are greater than expectation and 
increasing by 4 those which are less than expectation. 

The correction for continuity, which should be applied when the smallest expectation is less than 500, 
considerably increases the effective range of the ordinary x? test for a single degree of freedom ; but when the 
smallest expectation is less than тоо, the possible asymmetry of the actual distribution associated with given 
marginal totals becomes of importance. Such asymmetry implies that deviations of a given magnitude in 
one direction are less probable than those in the other. - 

Table VIII allows this asymmetry (and other slight deviations from the ordinary x* distribution) to be 
taken into account. It gives what are in effect the 2-5 per cent. and o'5 per cent. points of x, (the square root 
of у? corrected for continuity) for each tail separately. Since there are three independent marginal tc tals 
in a 2X2 contingency table all possible contingency tables could only be completely covered by a three- 
dimensional table of х, for each level of significance. In general, however, the distribution of хе is not very 
-different for sets of marginal totals which give the same smallest expectation, and for which the observed 
value in any опе cell can assume the same number of values (7.6. tables in which the smallest marginal total 
is the same, this being one less than the possible number of values). 

This property is utilised in Table VIII, where values of x, are shown for chosen values of the smallest 
expectation m, and of р, the smallest expectation divided by the smallest marginal total. (For a detailed 
account of the method of construction of this table see Yates (14).) 

In the contingency table :— 


EN. а 
в и a 
4.8 п 


where a<é, a </ and a<a’, so that а is the smallest marginal total, and x is the number in the cell with 
smallest expectation, we have ги = aa'/n, and р = m/a = ап. It will be noted that as м increases with fixed 
т and р, а remains fixed and а": ' : is constant. When и is very large the distribution of x tends to that 
of the binomial distribution (5--g)*. When z takes on its smallest possible value, which is that which gives 
the smallest integral value of a’>a, the “ limiting contingency distribution ” of х is attained. The values of 
Xe for these two extreme distributions are shown in Table VIII, the former in ordinary type and the latter in 
black type. In general the intermediate contingency distributions give intermediate values of x,. 

Furthermore, as р tends to zero with fixed уп, the expectations in all cells except that containing x become 
large, and the Poisson distribution is approached, whatever the ratio of a to а". Thus for 7 = o there is only 
one set of values in Table VIII, representing the virtual 2-5 and ог 5 рег cent. points of the Poisson distributions. 
Thus the table can be used to test the significance of departures from binomial distributions with known 2 
and Poisson distributions with known m, as well as for contingency tables. 


4 


It should be noted that when there is a zero entry the exact test of 2x2 contingency tables involves a 
simple product of factorials easily calculated from Table XXX. When there is a small entry the exact 
calculation is never difficult and is often quicker than interpolation in any existing table. Such tables are 
intended only to save labour in more troublesome cases, and not to obviate the necessity of understanding 
the exact test. 

It mag also be noted that for a binomial distribution with û = o's, x? corrected for continuity can be 
expressed in the form y = (a—éd—1)?/(@+4), where а and 4 are the numbers of successes and failures (a>). 
This gives a rapid preliminary test, based on the numbers of + and — signs, for quantitative data, such as the 
differences of paired observations, in which the probabilities об positive and negative deviations are judged 
to be equal. The values given in line 4 of each panel of Table VIII show that the continuity correction is 
particularly effective in this case. 


. 
Example 3 


The number of summers (April-September) with periods of over 20 days without rainfall at Rothamsted 
during this century and the last half of last century, are given in Table 1. 


TABLE 1. SUMMERS WITH AND WITHOUT DROUGHT AT ROTHAMSTED 


1852-1900, 1901-1937. 


Experiencing drought . т 4 9 
Without drought . i Р 45 28 
Total... Ао 37 


Are the summers of the present century significantly more subject to droughts than those of the last? 


- 2 x 86 
Неге = (9X45—4 X 28)* x 8€ = 4'291, 
49X37 Х13Х73 


which would indicate significance, the 5 per cent. point for one degree of freedom (Table IV) being 3:841. 

Applying the correction for continuity, however, we obtain 

(81x 441—441 X 283)? x 86 
49X37 X13X73 

Reference to Table IV indicates that significance is not attained. This may be confirmed by reference to 

Table VIII. We have 


ха = 3:124. 


т 

FIA 2 = 043. 
The observed set lies on the longer tail of the distribution since the number 9 with smallest expectation is 
greater than expectation. АП the values of Table VIII (Р = 025) which bracket the required value Це 
between гот and 2:06, so that significance is not attained. Notice, however, that had р been nearly zero, 
with the same expectation in the smallest class but with observed set on the shorter tail, the observed value of 
Хе would have indicated significance. i Е гаа 

Linear interpolation Es dimensions in Table VIII gives the value of 1-96 for both binomial and limiting 
contingency distributions, indicating that at this particular point the ordinary x table (or a table of the ue 
probability integral, such as is given in Table VIII4) gives a good estimate of the actual probability а ter 
the correction for continuity has been applied. The probability corresponding to 1:77 18 70384 compared жа 
the true value of +0389 calculated by the procedure given in Statistical Methods, Section 21.02. A кш o 
assessing the actual probability when the values of x, differ from those of x for the same probability levels is 


illustrated in Example 5. 


2 13Х37 
Хе = 177, the smallest expectation уп = TTE 


Example 4 
In the course of 5oo spins об a roulette wheel, zero appears 24 times. What evidence is there that the 


` wheel is biased in favour of the bank ? 
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ТЕ the wheel is unbiased, the chance of zero occurring in any one spin is a and zero may be expected 
10:486? a 10:486? 
13'514 436'486 
= 8:362, and x = 2:892. (Note that the class ої non-occurrences аз well as the class of occurrences must 
be included when calculating x.) Interpolation in Table VIII4 for the value 2:892 of the, argument 
indicates that the probability of obtaining 24 or more zeros was only *oorgr. Correcting for continuity, the 
discrepancy becomes 9:986, and х2 = 7:584, Хе = 27754 giving a probability of :00294. Referring to 
Table VIII, however, for m = 13:5 and p = ‘027 (values in ordinary type) we see that the о. per cent. point 
of x, is about 2:80, compared with the value of 2:576 given by normal theory. Thus the true probability is 
somewhat greater than ‘005. (True value obtained by summing the binomial distribution = :00559.) The 
omission of the correction for continuity introduces large errors, and even the use of the ordinary у? table 
gives a probability of one half the true value. 

'The problem may also be solved directly by the use of Table УП. Since a is greater than 10 we must 
use the corrections given for а = 11 and over. р — 24/500 = ‘048 and therefore the conventional standard 
error 4/{a(1—p)} = 4-79. Multiplying this by the normal deviate for Р = } per cent. (single tail) gives 
4°79 Х 2576 = 12:34. The limits of expectation calculated from the conventional standard error are therefore 
11:66 and 36:34. The corrections given by Table УШ for these limits are --1:70 and --2:80, giving the 


13:514 times on the average in soo trials. The discrepancy is therefore 10:486, х = 


adjusted limits of 13:36 and 39°14, corresponding to probability limits ‘0267 and ‘0783. Since = = ‘0270 
K зі 
the probability of obtaining as many as 24 zeros in оо spins is just over "005, agreeing with our previous 


solution. 
Example § 


Locate the upper and lower 2-5 and 05 рег cent. points of a Poisson distribution with an expectation of 25. 

If x is the observed value and this is greater than expectation (ќе. lies on the longer tail) we have 
Xe = (*—25—4$)// 25. For m = 25, р = о, Xe = 2705 for the 2-5 per cent. point, so that х = 35:8. Hence а 
value of 36 or over has a smaller probability than "о25. For the о*5 per cent. point, x, = 2776, so that х = 
39°3, giving a value of до or over. Similarly, the lower 2:5 and o'5 per cent. values of x will be found to be 
15:2 and 12:6, giving integral values of 15 and 12 respectively. Normal theory would give «’s about ja 
unit in error for the 2*5 per cent. points and about a unit in error for the 0:5 per cent. points. 

If the actual value of the probability of obtaining a value of say 14 or less is required, we may proceed 
as follows. At the lower 2-5 per cent. point x, is 1-86 and x (normal theory) is 1:96, and at the lower о*5 per cent. 
point x, is 2:37 and x is 2:58. А value of 14 gives a x, of 210. Hence by linear interpolation, using хе 8“ 
argument, the corresponding value of x is 
2:10—1:86 
2:37—1:86 


x = 1:964 (2:58—1:96) = 2°25. 
5 


Reference to Table VIII4 gives the corresponding probability as "0122. (True value = 0124.) 


TABLE УПИ. LIMITS FOR THE PROBABILITY OF AN EVENT 


If an event is observed to occur а times out of JV, a lower limit z, can be assigned to the probability of 
this event such that if the probability were actually 7, then an observed number of occurrences as great or 
greater than а out of М trials would only occur by chance with a frequency of Р. Similarly an upper limit 
та can be assigned such that if the probability were actually пъ an observed number of occurrences as small 
or smaller than а would occur with a frequency Р. Corresponding to these probabilities 7, and та there are 
limits of expectation of the number of occurrences in JV trials, namely z,/ and т М. These limits of expecta- 
tion are tabulated in Table УШ for Р = о-1, 0025 and огоо5 against values of а from o to то (with exten- 
sion to higher values) and of № from га to со. The values for A = œ gives the limits of expectation of 
the Poisson distribution, When a>}, the table may be entered with а" = V—a. Examples of the use 
of the table have already been given (Examples 1, 2 and 4). 


TABLE VIII2. DENSITIES OF ORGANISMS ESTIMATED BY THE DILUTION METHOD 


, One of the methods available for estimating the number of organisms of a given type present in a medium 
is the dilution method. This method can be employed in cases in which the presence or absence of the organism 
can be determined, but in which counts cannot be made. x 

Tn the dilution method a series of suspensions of the organism, s levels in all, is prepared, each of which 
is а times аз dilute as the preceding one. Each suspension is used to inoculate » tubes with a known volume 
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of the suspension, and the presence or absence of the organism is determined by suitable test after a period 
of incubation, The most accurate estimate of the number of organisms per tube at any given level is obtained 
by solving the equation of maximum likelihood, and a method of doing this has been discussed by Mather (62) ; 
but it has been shown (Fisher, зо) that 87:7 per cent. of the information is contained in the total number А 
of fertile or У of sterile plates, counted without regard to level. If A is the number of organisms per tube at 
the highest concentration, the value of А for which the expected average number of sterile plates is equal to 
the observed number is given by the equation 


У = (eA Lela tel, ‚ , -ре-Маєлу 


Table VIII2 enables the solution of this equation to be obtained expeditiously for two-fold, four-fold 
or ten-fold dilution series of any length, АП that is necessary is to calculate what may be called the mean fertile 
level, ж = X/z, and the mean sterile level, у = 5—2, and find the tabular value X corresponding to the observed 
x or y for the appropriate number, s, of levels. The estimate of А is then given by - 


/ 


log A = x log a—X. 


Tn an extended series of dilutions the yalue of X becomes constant for all values of х and у sufficiently distant 
from the ends of the distribution, except for a periodic component, which, however, is only of importance 
for the ten-fold series, "This periodic component necessitates the special form of tabulation adopted for this 
series, 

log 2 


: ү ЕА" 7 
The average value of the variance of the mean fertile level is 81550 except at the ends of the series, 


where the value increases. The average value of the variance of log A is 2 log 2. log а, and this may be used 


in the two- and four-fold series in the range where the tabular entries are substantially constant, The variance 
of the mean fertile level is, however, more stable than the variance of log А. Closer approximation to the 
fiducial limits can therefore be found by using the average value ден -of this variance, increasing and 
decreasing the observed mean fertile level by the appropriate multiple of the corresponding standard error. 
‘The table can then be re-entered to determine limiting values of log А, and thence, if required, of A. This 
approximation is satisfactory except at the extreme ends of the range. For the same reason the mean fertile 
level should Бе used in preference to log А when performing tests of significance, etc., on comparisons between 
different media. Standard errors should not be attached to 2. 

The inclusion of tables for the four-fold and ten-fold series should not be taken to imply that the use of 
these series is ordinarily advisable. If an adequate number of tubes is available the two-fold dilution series 
should be used, with correspondingly fewer plates at each level, in preference to a four-fold or ten-fold series 
covering the same range. As is shown by the formula given above, the average variance of log A in the centre 
of the range is the same for a given total number of plates, whatever the dilution factor, but the periodicity 
becomes appreciable for the more coarsely spaced series. икра 5 

The number of dilution levels required depends primarily оп the range of populations it is desired to cover. 
For any given population density the majority of the information is given by the levels at which the average 
number of organisms per tube is near т. Thus in а two-fold dilution series in which one dilution level has an 
average of exactly one organism per tube the contributions of the various levels of an infinite series to the total 
amount of information are as follows : 


Average number of organisms per tube . Запа ac HE ТА eon 
more 
Percentage of information . р n . 0:9 12:6 26'4 24:5 16:2 9'3 49 52 


For any given population density, therefore, most of the information is contributed by five levels of the series, 
A series of та dilutions will therefore amply cover a range of тоо fold, and a series of 15 dilutions а range of 
1000 fold. If more than one organism which can be detected in the same set of tubes is under investigation, 
then longer series may be required, the exact length depending on the relative numbers of the different types 
of organism. : 

When a large number of tests involving series of the same length and with the same number of tubes at 
each level have to be made, the experimenter may find it convenient to prepare a special table giving log A 
and А directly for each possible value of the total number of fertile tubes. Such a table may be easily prepared 
from Table VIII. . р 

In practical work greater precision is often required in one part of the range than in the others. Thus 
the tests may have as their primary object the determination of whether the population densities are less than 
a given standard density, but at the same time a rough estimate of the actual population densities of samples 
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differing widely from the standard may be of interest. In such a case the number of tubes should be increased 
at the levels for which the population per tube would be in the neighbourhood of 1 at the standard density, 
e.g. we might increase the number of tubes at levels having 4, 2, 1, 1 and 1 organisms per tube at the standard 
density. 

For the estimation of the population densities of dilution series of this type a special table will have ко Бе 
prepared. If there are #1 tubes at each об 5 levels and an additional из tubes at each of the Ісусі» тот 7-++1 
to 7’, the average total number of sterile tubes is given by 


У = myrt = теке №... З-сг-АМаг-1у4-т(е-А27-- . . е №" -1) 
The table can be prepared directly by calculating the values of У for a series of values of log Л, thence deter- 


mining by inverse interpolation the values of log A corresponding to integral values of Y. Alternatively Table 
VIII2 may be used to determine the values of y, and y, separately for а series of values,of log A, thence per- 
forming the inverse interpolation as before. Values of yg corresponding to values of log A falling outside 


the range of the table will in any case have to be computed directly, but this can be done rapidly, using the 
expansion of y, in powers of A for small values of A. 

The standard errors of estimates derived. from a modified dilution series of this type naturally vary in 
different parts of the range. At the standard density, however, the standard errors will be those corresponding 
to an infinite series of лупа tubes at each level, except for a slight increase due to the shortness of the 
subsidiary series. 


Example 51 


Tests with potato flour containing rope spores (B. mesentericus) gave the following observations, using 
5 tubes, each of 1 c.c., of dilutions containing 4, 2, T, . . з 1/128 g. per тоо c.c. (E. C. Barton-Wright's data). 
в. per 100 с.с. Number fertile. g. per 100 c.c. Number fertile. | 
2 | 
4 5 1/8 3 | 
2 Ё 1/16 2 | 
т 5 1/32 2 | 
1/2 5 1/64 о 
1/4 4 1/128 о | 


The total number of fertile plates is 31, and the mean fertile level (х) is therefore 6:2. Непсе у із 38. The 
table gives А = ‘383. Hence j 
log A = 6:2 log 2—:383 = 1483 . 
= 304. 
The number of organisms рег gram із thus estimated to Бе 760. 

The expected variance of the mean fertile level iso. The fiducial limits of the number of tubes at 
levels 1025 to -975 for Р are therefore бг2--170бох „Јога — 5:323 and 7:077. Re-entering the table with 
these values, we obtain limits of 1-211 and 1:761 for log A, or 407 and 1440 for the actual number of organisms 
per gram. The average standard error of log А is A/-o181 = "135, giving limits of 1:483-- "264 = 17219 and 
1:747 for log А, or 415 and 1400 for the actual number, which may be compared with the more exact limits 
given by the first method. Р 


TABLE VIII3. SIGNIFICANCE OF LEADING PERIODIC COMPONENTS 


If u, (r =1, 2, . . з 2-1) constitute a random sample fi istri : m 
e T ча » ple from a normally distributed population, the linear 
functions А(ари,) and 5(6,м,) define a Fourier component, if ЕЕ ? 


| 2 27” 4 2 . 217 
а, = со: i= 
EUN 2n--1 З 2n+r 5 214-1 15 on+r 
Values об) from т to я give и pairs of components referable to different periods. If = 5(а,м,) and В = 900,1), 
then the sum ої squares corresponding with the two degrees of freedom for any period is 
: X = съв. 


A general test for the existence of a periodic component is therefore provided by seeing whether the 
largest of the values of X for the и periods is greater than might be expected from chance causes. Table VIIS 


shows at the 5 рег cent. and 1 per cent. levels the fraction g that the largest of the values of X may bear to 
the total sum of squares, S(x, -- И)“. 


When the number of observations in the series is even, 22-{-2, the coefficients in 4 and 2 are 
I apr SQ apr 
a= == cos ——, = ==зїш —. 
Ро Март пи Ро Мит n+ 
Values of р from т to л give values of X corresponding with и different periods. The table again gives the 
significare levels of the ratio g that the largest X bears to the sum of all м values of X. In this case the sum 
of the z values of X, which is the sum of squares for Ше и periods, is equal to 
І 
гл-ра 
The application of the table is, therefore, exceedingly simple although the subdivision of the sum of 


squares into Из рег с components is somewhat tedious. The theoretical basis of the table was discussed by 
R. A. Fisher (55). 
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TABLE VIII4. THE NORMAL PROBABILITY INTEGRAL 


This table gives values of the integral of one tail of the normal distribution with unit standard deviation 
corresponding to given values of the deviation from the mean of the distribution. It is therefore virtually the 
inverse of Table IX, and is of particular use in those cases where values of the integral corresponding to exact 
hundredths of the standard deviation are required. 


TABLES IX то XIV. THE PROBIT AND ANGULAR TRANSFORMATIONS 


Many important classes of data may be interpreted on the supposition that a normal deviate is linearly 
dependent on some observable concomitant measurement, and that an observable frequency is that with 
which this deviate is exceeded in a normal distribution. For example, the frequency with which a weight 
is judged to be heavier than a standard increases with the actual weight used; the frequency with which а 
high jumper clears a rod decreases with the height at which it is placed; the frequency with which insects 
survive fumigation decreases with the concentration of the fumigant. In many such cases the relation between 
the frequency and measurement concerned is excellently represented by considering the normal deviate 
corresponding to the frequency to be a linear function of the measurement, or, more frequently in toxicology, 
of its logarithm, the measurement being the concentration of the toxin. 

Table IX gives the deviate corresponding with each thousandth of the total frequency, which is exceeded 
by any given frequency ; by means of the difference column it is simply used to ten-thousandths. ‘To facilitate 
standard methods of calculation by making all values positive, 5 has been added to the deviate. The result- 
ing values are known as * probits.” It is obvious that the probits corresponding to complementary percentages, 
such as 4o per cent, and бо per cent., must add to make то. Beyond 95 per cent. the actual differences are 
inserted, and beyond 98 per cent. the tabulation is by ten-thousandths. By subtracting from ro, these 
advantages may be made available also at the beginning of the table. 

Table X, simple quantiles of the normal distribution, gives the deviates corresponding with proper 
fractions. The proper fractions, up to $, having denominators up to 3o, are here arranged in order of 
magnitude. When small numbers are involved this table enables the probits to be found more expeditiously 


than does Table IX. 
Example 6 
What deviate is exceeded by 4/17 of a normal curve? The deviate given із 0:7215, so that if 4 animals 


„survive out of 17 the probit is 5*7215. The same value may be obtained by expressing 13/17 as a decimal, 


*7647, and referring to Table IX. 


" Dosage Mortality Tests 


When tests have been made on several concentrations it is usual to fit a straight line expressing the probit 
in terms of the logarithmic concentration. The weight assigned to each point will be the number of animals 
used in determining it multiplied by the weighting coefficient given in Table XI. It is best to draw a provi- 
sional line graphically, and obtain the weighting coefficients from the probits read from the graph. Some 
workers prefer to draw a provisional line by calculation, using weighting coefficients based on the probits 
empirically observed. This leads to some ambiguity when at any concentration all die (or all survive), for 
such obseryations nominally give an infinite probit with zero weight. пе а 

However the provisional line be obtained, for refined purposes, such as tests of significance, it should 
be replaced by one based on working probits, obtainable from Table XI. When all animals survive, 
the minimum working probit in the 2nd column corresponding to the expected probit in the 1st is used ; when 
all die, the maximum working probit in the 4th column is used. Other cases are assigned values greater than 
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the minimum working probit Бу the product of the proportion killed and the range (given in the 3rd column) ; 
the same quantity is obtained by decreasing the maximum working probit by the product of the proportion 
surviving and the range. The working probit is given a weight found by multiplying the total number of 
animals on which it is based by the weighting coefficient in the sth column of thé table. Any tolerably good 
provisional line will give a satisfactory result when this process is applied. An excellent account of the treatment 
of toxicological data has been given by C. I. Bliss (4-7), and the subject is also discussed, from thg point of 
view of amount of information, in The Design of Experiments (2). 


Example 7 


The following survival fractions were obtained on testing sets of eight brine-shrimps, Artemia salina, 
from a single brood, in arsenical solutions#having concentrations іп geometric progression. 


ELM. Fl CP aE Gr ? 
Total tested . + з + 52:87 8.858,85 
Survived’. 2 c $ «З 8.0195 сто 


Since, using strengths C, D and 7, all or none have survived, the tests with solutions Æ to // are available 
for plotting probit values, in order to obtain a provisional line. A sufficiently good line may usually be drawn 
graphically. A second serviceable method is to fit a straight line, without weighting, to the probits ayailable. 
Thus, using Table X, we have 


б Empirical 
Solution > Probit. 
Е . . В > . . . ‚ 433 
Е “ " Я Ч 3 E С . 4°68 
G . : б 2 5 2 у « 4°68 
TE ` 5 s 4 ? . 4 кб 
Total . f a 2 5 . 1984 


Меап . . " . . . 496 

The slope from four equally spaced points is 
ч pr 3(H—E)+(G—F) 
3+ 1? 2 
_ It is worth while giving some attention to obtaining а satisfactory preliminary fit, since otherwise the 
fitting process may have to be repeated. It is also desirable to avoid interpolation by choosing simple values. 
“The inclusion of С, D and Z will certainly tend to increase the slope, and may lower the average probit. For 


6, therefore, we take the value -6, and take the probit midway between / and С to be 49. The provisional 
expected probits are those shown in the 3rd column of Table 2. 


= "546. 


TABLE 2. 
Solution. шагнах Variate я Ргобії Working Probit Weight 

E б У. w, wy. 
2 3 28 | “до81 "7343 1:7683 
2 4 34 2:9060 1:9002 575220 
Р 2 фо 473775 375090 15:3606 
Т 46 4:6826 478042 2274961 
A д 52 4:0776 50193 234783 
5 5:8 60998 . 40208 2415261 
9 6-4 69394 24159 16-7649 
| 22:4037 109'9163 


The remainder of Table 2 із then filled by using Table XI 
When all die, as for solution 7, the working it has і i iven in t 
‚а г probit has its maximal value, given in the 2nd 
КЗ бух XL х Е. 6:9394, ог “5304 above expectation. (In the calculations for fitting, we ах же pie 
е working probits themselves to obtain the actual constants of the fitted line, or their deviations from pro- 


visional expectations to obtain adjustments of the 32 и 
show the first method.) constants provisionally adopted. Table 2 is arranged to 


- то 


ay 


г 


ж 


More generally, we subtract from the maximal probit a fraction of the range (3rd column of Table ХТ) 
equal to the proportion of survivors ; so G. gives 


Maximal working probit , 3 я 5 . 6:2759 Range 215573 
Rangex5/8 . 5 5 d 5 = + 1:5983 
9 Working probit 5 А : 2 5 + 4°6776 


while for // we have, similarly, 6:0998. 

For Æ, if all had /ived, we should have 3:3443, but as one-quarter have died we add one-quarter of 
4°1327, giving 43775, while for F we find, similarly, 4-6826. 

Tn all cases the weight assigned to the evidence of each solution is the weighting coefficient, corresponding 
with the provisional probit, multiplied by the number of individuals tested. 

From the sum ОЁ the weights, and the weighted sums of x and y, we obtain the values of and 7 accord- 
ing to the formule : 

W= Sw), Ша = (ох), Wy = S(wy). 

It is convenient to calculate S(x?) at the same time as S(wa) ; for calculating these any suitable origin 

such as А (г = 6) may be used. The reduced sum of squares of the independent variate is then 


A = Su(x—3)* = S(mwx*)—3S(wx). 
With most types of machine, the values of wy will be written down and summed as in Table 2; from 
these it is easy to obtain the reduced sum of products, 
В = Swy(x—x) = S(wxy) — &S(mwy). 


These quantities are all that are needed for adjusting the regression line. For testing goodness of fit 

we also calculate 
€ = Su( y —y)* = 5$(шу*%)—ў.5(шу). 

Turning to the numerical values of Table 2, we may note that the three solutions first omitted contribute 
nearly one quarter of the total weight, and a still higher proportion to 4, or to the amount of information 
supplied as to the slope of the line. For the others the working probits differ not greatly, but appreciably, 
from the empirical probits first used. 

Numerically, Table 2 gives 


S(wx) 10-7963 (их?) бо “5641 (жу) 9171157 
„я 481898 A 55:3014 B 38.1473 
Р, 47906167 8 ۰68906 


The recalculated slope, ^ = B/A, is “68006. This is considerably higher than the provisional value, «6. 
Accepting this solution, the 50 per cent. death point is found when У = s, that is ‘093833 above y. We 
have, therefore, 

7093833 
7 2-22294-:656 
6481898 + “68906 8 


as the estimated 50 per cent. death point. 


For goodness of fit we find 


Slevy?) 568-6512 
(а 29:3835 
x? = C—Bb 30977 п=5 


Since two constants have been fitted there are five degrees of freedom, so that there is no indication of 
departure from the form of the theoretical expectation. . In these circumstances the variance of the estimated 


50 per cent. death point may be taken to be 


зо |, (е-2): 
з BE A | 
Numerically, 
1/W 1044635 
(-136)2/4 7000334 
1044969 
bs "21206 


The standard sampling error of the estimate is therefore “308. 
11 
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This is а large-sample method, appropriate if 7 is sufficiently near to 5, and the slope 4 sufficiently well 
_ determined. Failing this, the use of a standard error is not justified, and we should calculate the fiducial limits 
of the 50 per cent. death point, at any chosen level of significance, as Bliss has proposed (5). These are 


1 ! І £ 
a+ geal Ру 41 зва Я» я 
where / stands for the normal deviate corresponding with the level of significance chosen. E.g. the limits are 
5:988 and 7:294, when / = 1796. 

Had x? been excessive, indicating causes of disturbance other than random sampling, the estimated 
variance would be multiplied by x?/#, ог, in the small-sample treatment, 7 would be taken from Student’s 
distribution for the number of degrees of freedom іп у?, and multiplied by х/М п Беѓоте?иве in the formula 
for fiducial limits, It should be remembered also that a significant value of x? may throw some doubt on the 
linearity of the regression. 

The example has been chosen to illustrate the expeditious use of the tables. No interpolation has been 
employed, as it would be if the process were repeated, using the results of the first fit as a new provisional 
line, 1645, therefore, of interest, as an indication of the precision to be expected, that a much more precise 
fit gives 6-609++--317 for the so рег cent. point, showing that this value and its precision have been very satis- 
factorily estimated. The slope, estimated at 6891-1344, is not so good, since the more exact value is 
"71264-51574. Here the error exceeds a tenth of the standard error of random sampling, so that, if the slope 
were of importance, a second fitting would have been justified. Finally, from the more exact fit we find 
x? = 3773 in place of 3:098, confirming the agreement with expectation, but showing also that had this 
been doubtful a more exact fitting might have resolved the doubt. 


Dosage Mortality Tests involving a Natural Death Rate 


A further complication arises when there is reason to suspect that some animals have died from natural 
causes operating independently of the poison. If the natural mortality rate is А’, the mortality rate, Р, actually 
due to a particular dose of poison may be estimated as û = (6*—X)/(1—), where д* is the /о/а/ death rate 
observed. The probit regression line should then be fitted to the probits of 2, not to those of 2*, using modified 
weighting coefficients obtained by multiplying the coefficients in Table XI by Л ЇР + си: Values ої 
the modified coefficients, adapted from Finney (3a), are given in Table ХІІ for values of А from соо to "40. 

In practice, А is generally unknown. If observations have been made on a control (untreated) group 
of animals, the mortality rate in this group, Xe is an estimate of A; a better estimate will take account also 
of evidence from the lower doses of the poison, especially if one of these shows а total mortality rate less than Аг. 

( For exact work, particularly when X is not well determined by the control group, the method of maximum 
likelihood should be applied to estimate this parameter at the same time as the coefficients а and û of the 
Tegression line are estimated. A provisional estimate of X, say Xo, should be used to give values оЁр from 
ша а provisional regression line may be constructed ; К, may be taken as equal to K,, but, if the number 
: vs in the control group is small (or even zero), a suitable guess should be based upon the values of p* 
or the lower doses of the poison. A table like Table 2 is prepared, with the addition of a column for the 
UT цацах z= Q/Z, tabulated as a function of Yin Table ХИ. A weighted linear regression equation 
of y Л 4 and «’ is next calculated, with the modification that the quantities #,.(1—X,)/K, and n,(K,—X,)/K, 
Hus : шан уучил squares of deviations for x’ and the sum of products of deviations for x’, y respectively. 
n, is the number of subjects in the control group, and all weighting coefficients come from the modified 

n K,— KY E. 
ЭЛ ЖА) Че 
засан хассан The modified notation now used will be clear from dei Td 2.01. 
mo ete Eb cients are estimates of û and 8/(1— &,) respectively ; (К,--8) is a revised estimate 
к x віч gression equation is У = а-Е5(х—Х), where а == 7—%'8/(1—K,). The process may 
р » using the values just calculated as а new provisional set if they differ seriously from the first set. 


formula, The sum of squares of deviations for у, denoted by C, must be increased by 


Example 7.1 


Th 3 
elip ефе ec s Ди, 2.01 give the results of a test of the toxicity of an extract ої Derris 
refers to a control group ; 9 grain beetle, Oryzephilus surinamensis (Martin (43)). The last line 


affected. this received the spray medium only, and in it 16.3 per cent. of the insects were 
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In this example, А", might well be taken as equal to "163, but, in-order to simplify interpolation in 
Table ХИ (and to illustrate the calculations more fully), the value "16 has been used. Values of р have been = 
calculated from each АА, their empirical probits plotted against x, and a straight line drawn by eye on the 
diagram. From this line, provisional probits, Y, have been read. If X, were well determined, second 
approximations to а and å could be obtained by the procedure of Example 7, except that the weighting co- 
efficients would be taken from Table ХП by interpolation for А = ‘16, The values of 20, У, wx, wy and the 
sums of squares and products from which 4, В and C are derived are shown in Table 2.01. 


TABLE 2.01 

1 
Log No. No. P 
Cone, Ex- | Affect- і (Ко= m 22 Үс >. w. зох, чих" wy, 
(=). | posed. | е тб): Ё x 
2:79 125 125 | гово |госо| — T3 "379 | 7:68 T9| 22г041 2'9941 | 60°672 
2:66 117 115 | "983 "98о | 705 | то "421 | 7:05 12:8| 34:048 53888 | 90'240 
2:49 127 114 "898 "879 | 6:17 | 65 1516 | 6:08 28:3| 70:467| 14-6028 | 172'004 
217 51 49 | "784 | '743| 5°65 | 56 | "823 | 5°65 22:6| 49'042| 18:5098 | 127:690 
157 | 132 | 34 | 7258 | ‘117 | 381 | 3:8 | 4:557| 3:81 18:5 | 20045 | 84:3045| 707485 
- 129 21 | ч628 | — — - = — |W = дот | 204'643 | 1258900 | 521°151 


Я = 2"2713, 4^ = 1°3972, J = 577841 
129 X "84/16 = 677:2500, 129 Х(:1628--116)/:16 = 2:258, 129 X ("1628— :16)9|-16 X "84 = гот 


S(w*), S(wax’). 5(шх”). S(waxy). (оху). (и), 
479'5467 23177684 410*4217 1225501 576:060 313830 
404°8031 285:9324 17578967 | 1183:684 728:165 301441 
А = 14'7436 | 4" = —54'1640 23475250 В = 41'817 —152'105 123:89 
677-2500 2:258 “от 
А” = 9117750 B' = —149'847 | С = 123:90 


If the information on А: is less complete, it also must be included in the maximum likelihood estimation. 
The additional columns х and гох” are then required in Table 2.01, where x’ = Q/Z is taken from table ХИ. 
From these columns, squares and products of deviations for х” with ж and у must be calculated just as were 
4, Band С. The lower part of Table 2.01 summarises the calculations leading to equations for the regression 
coefficients on æ and х'. These are 


14174360 — 541640 (x) = 41817 


5 
— 54-1640 + 911:7750 ( ) = —149'847. 
т— Ао 


The equations are best solved by the method outlined in Statistical Methods (1), as the inverse matrix of 
coefficients thus obtained leads to the variances and covariance of û and 5. The inverse matrix is 


к= 0867605 70051540 
— 110051540 0014029 
whence с 
5 = 2:8558, 8|(1--К,) = ‘00530. 
Multiplication of the second of these quantities Бу "84 gives à = "0045, so that the revised value for X, "1645, 
is little different from either the provisional value or that estimated from the controls alone. Also 
а = 57841-13972 X "00530 = 577767. 
The regression equation У = a--2(x —5) is easily seen to agree well with the У column of Table 2.01, so that 
no repetition of the calculations is necessary. 
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Goodness of fit may be tested by calculating 
xX = C—Bb—B'3/(1—K,) = 5.27, 

i = ls, including controls, minus 3). 
for which the degrees of freedom are here three (= total number of dose levels, g í : 
This gives по А of heterogeneity. In cases of doubt, x? should be calculated from expected не, 
after grouping of classes with small expectations, in the manner described by Finney (за). А largs value o 
x? must be interpreted and used in the same way as for the simple probit problem (Example 7). 

The 5о per cent. affected point is estimated to be 


Zo = 8--(5--0)/0 = 1:999. 


On large sample theory, the diagonal elements of И, v; and vss, are the variances of û and 5/(1--К,) EPEC 
and 213 is the covariance of these. Provided that 2? is large relative to the variance of 4, the variance of 450 
may be taken as 


- |5 F 9x59 5) — 209% (Хо 9+) 


= 277) :0110988-- "0867605 x (*2720)* 
22 


-+2 X ‘0051540 X 1°3972 X *2720--'0014029Х (1 ото) 
= 002964. 


The standard error of the 50 per cent. point is therefore 0544. Here (1:960)*0,/7* = годі, a value small 
enough to justify the use of s in assigning 95 per cent. fiducial limits to X59; if this quantity exceeds 105; the 
limits ought to be calculated by an extension of the procedure illustrated for Example 7. The variance of 
8 is оща(1--Ко), which is also therefore the variance of the revised estimate of the natural response rate; hence 
this rate is estimated to be "1645 0314. 


Other Transformations 


The normal transformation may be looked upon as one of a series of methods of transforming percentages 
into more suitable variables. Of these the transformation of a probability varying from o to 1 into an angle 
varying from 0° to 90°, according to the relationship 


р= sin? ф 
із remarkable in that the amount of information concerning ¢ is constant. In consequence, in large samples, 
the sampling variation tends to normality with a variance which depends only on the number of observations 
on which the percentage is based. The weighting coefficient for this transformation is constant. In other 
respects Tables XII to XIV afford the same facilities for handling percentages transformed in this way as 
do Tables IX to XI for the normal transformation. This transformation is equivalent to replacing the 
normal curve by one of which the ordinate is sin 20. 


A third transformation of some interest, which is readily available from these tables, is given by 


z = 102,2 —108,0) 
or ф--е [( en), 


If = 25—1, the values of є are given in Table VIT. With this transformation we may use 


Maximal working z , Ч B d а. 
5 p- 2P ue +2 
Range . зі 2 5 + S ome МЕК: 
2PQ iR 
Weighting coefficient - 4 5 . 4РО —1—g? 


where 2 is the expected value of z given by any provisional fitting, 
2, using Table УП. This transformation is equivalent to replacin, 
ordinate is $ sech?z; it has been called the “ logit " transformation. 

Intermediate in character between the distributions of the probit and the 10, 
to gene frequencies determined by selection and diffusion, where 5, 
by the equation 


and the value of Л is taken from that of 
8 the normal curve by one of which the 


git is the deviate appropriate 
4 are related to the standard deviate x 
dg 

dà b. 
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The name * legit * has been proposed for this transformation. ‘The necessary tables have been given (Fisher, 
56), using the general maximum likelihood values of the working deviate for given provisional values, namely 


А ах 

Maximum E > 5 5 А 5 . АО IP 

185 dX 

2 Minimum 2 г - 3 5 Е 2 w зр 
2 

Weighting coefficient . : Е : п 8 et zx) 


where Р, Q stand for the probability corresponding to the provisional value X. 

In addition to their toxicological and similar applications, transformations are of use in the analysis of 
material which has а very skew distribution, for the purpose of equalising the variance of quantities of widely 
different magnitudes which it is desired to include in the same analysis, and for the purpose of reducing the 
observations to а scale on which the effects of associated variables are more nearly constant. Thus when it 
is required to perform an analysis of variance on a set of percentages, e.g. of the deaths of seedlings obtained 
from plots of a replicated experiment, it is frequently advantageous to transform these percentages by means 
of the angular transformation. As we have seen, this has the effect, in large samples, of equalising the 
component of variance due to sampling, when each percentage is based on the same number of observations. 
The square root transformation 

у= МА 


has the same property when the observations on each plot are distributed according to a Poisson distribution. 
This transformation is equivalent to the angular transformation at each end of the percentage scale. (In this 
connection see W. G. Cochran (8).) 
The logarithmic transformation 
y =logx 


is useful when dealing with material on which the effects of other variables may be expected to be proportional 
to the numbers involved. The influence of a given increase in temperature on the number of insects caught in 
a light trap, for example, is likely to be proportional to the number of active insects, in which case the increment 
in the logarithm of the catch will be the same whatever the number of insects, unless some of the numbers 
are very small. In this connection it may be noted that the transformation y = log (w+1) is sometimes 
convenient, being substantially equivalent to y = {үх when x is less than то and to y — log « for larger 
numbers. 

A further use of transformations is for the purpose of facilitating interpolation by obtaining a trans- 
formed function which is much more nearly linear. One example of this, the use of the reciprocals of т 
and па in interpolation in the table of ғ (Table V), has already been mentioned. The logarithmic trans- 
formation and the transformation of Table VII have frequently proved of use when dealing with functions 
whose argument is a probability. 


TABLE ХІМІ. SCORES FOR LINKAGE DATA FROM INTERCROSSES 


Much linkage data with plants is obtained by selfing double heterozygotes, which may be in coupling or 
in repulsion. In some cases, especially with animals, single or double backcrosses may also be available. 
The compilation of such complex data, for the estimation of linkage, or the examination of heterogeneity, is 
much facilitated by efficient scores, based on the method of maximum likelihood, such as have been developed 
for human genetics. 

Such scores possess the properties (i) that the scores are linear functions of the frequencies observed, 
(ii) that the expected score is zero if the trial value is correct, (iii) that the ratio of change of the 
expected score with change of trial value is equal to its sampling variance, and to the amount of information 
to be expected from such a body of data as is available. Estimation from a single body of data thus consists 
in finding the value for which the total score vanishes. The efficiently weighted combination of different lots 
of data consists simply in adding their scores. Homogeneity is tested by recognising that the square of 
the score divided by the amount of information is x? for one degree of freedom. If ул is the expectation of 
any distinguishable class, expressed as a function of the unknown parameter 0, the efficient score for cases 
observed in that class may be taken to be 


> 


Бог double heterozygotes intercrossed the two singly recessive classes have the same eque sad, що 
same score. Table ХІМ т gives the means of scoring such data in coupling and repulsion for each 1 ре . 
of the recombination fraction, у, the quantities tabulated being : 


Coupling Repulsion 
є 20-20) ^ ay E 
Double dominant 201533 21% 
z 3 B з ху Яка 
Single recessives 2 = = Ty ту 
5 2 a 
Double recessive m у 


The signs іп the table are for 0 = 1—y, where у із the recombination fraction, in order that evidence for 
linkage (у<-5) may be supplied by positive scores at зо per cent. . " 

Data should be scored at two adjacent values giving positive and negative scores. One hundred times 
the difference then gives the amount of information to a good approximation. For more accurate work, and 
especially for close linkage, four adjacent values with four-point interpolation may be used. The four-point 
value for the actual amount of information obtained at the value 2-4-0 is 


(agat) — E (1530) eat 3 


where 0--ф — 1. Е А À 
Since the Third Edition, similar tables have been calculated independently Бу D. J. Finney (57), who gives 
a good account of the origin and use of this mode of application of the method of maximum likelihood. 


Example 1.2 
For two factors in the Sweet Pea we have the data: 


Double dominant Single recessives “Double recessive 
Coupling. 268 3o 79 
Repulsion 324 344 o 


Scoring these at 6 per cent., 7 per cent., 8 per cent. and 9 per cent., we find 


6 per cent, 7 per cent. 8 per cent. 9 per cent, 
Score —119'701 --43:367 15:165 61852 
ò! +76°334 -F58:532 4-46:687 
82 —17'8o2 —11:*845 


То find the score at an intermediate value, such as 7:811 per cent., we find the inner interpolate, 4:102, 
and, since the linkage is close, the four-point value, 5тот. A method of calculating this is given in the section 
on Znterpolation at the end of the introduction. The first approximation to the amount of information obtained 
is 58532, and the adjustment is --457:0, giving 5396-2 at this value. 


TABLE XIV2. SEGMENTAL FUNCTIONS, а, B, y, 8 


These functions are defined for all values of their argument as the sums of sub-series of the exponential 


series, containing every fourth term. The four sub-series having leading terms of degrees о, 1, 2, and 3, define 
the functions а, В, у, and 5. 


‘They are closely connected with the hyperbolic and circular functions by the identities 
ау = cosh, 8+8 = sinh, 


a—y = соз, В--5 = sin. 
‘Two elementary identities are found Бу eliminating the argument. 
a+? 285 = 1 
8В--8-гау = o. 


Differentiation with respect to the arg 
The functions are peculiarly adapte 
gametes of all types in terms of the met 
and the terminus of the chromosome 


ument merely permutes the symbols in the order (бу Ba). 

4 to specifying the frequencies of non-recombinant and recombinant 
rical positions of the centromere, а series of any number of markers, 
arm. The argument of cach function із twice the metrical length of the 
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5 А 
segment. Thus with four markers and five segments the frequency of gametes non-recombinant in every 
segment is given by a simple combinatorial rule to be the sum of the following sixteen products, 


aaaaa aaa f8 Вадаа, - Вааад 
а Вада: aa Bad Вааба Bað BS 
aa Вба аВааб ВЗааа 89 Bad 
а Вдаа: а 8585 B8 Вба _ ВбаВб 


« 
in which, for the segment next the centromere the appropriate function is either a ог 8, while for the segment 
ending at the terminus it is either а or 8. Intervening segments may have а, В or 5, provided that В and 6 
appear in equal numbers and alternate. 

The corresponding expressions for gametes having recombination in опе or more of the five segments are 
found simply by making the substitution (ау)( ВЗ) in each corresponding column. In particular, if as is usual, 
there is no marker ас the centromere, or at the terminus, the eight observable classes in a four-point test will 
be specified by permutations in the three middle columns of the expression :— 


aaa ada 
e? ра |ы АГ а) 

Вза 588 

ЇЕ: ааа, 
«ө (84) өзө (+. 

. (вв 2: 


With the aid of the tables these eight frequencies may Бе easily calculated for any assigned values of the 
five metrical lengths of the segments. Thus, starting from the left, we may calculate 


P = (B+8)a+(a+y)B, 
Q = (B--8)8-F- (a1), 


beside which we can calculate the parallel quantities, 


P' = (B+8)y-+(a+y)8, 
Q' = (B+8)B+(a-+y)y, 


to be used in the cases in which recombination takes place in the second segment. 
То bring in the third segment we make the similar calculation 


R = Ра ОВ, Е = Ру+08, 
S = P54-Qa, 5' = PB4-Qy. 


with the same variation for recombination in the third segment, and, of course, using Р", Q' in place of P and 
Q for the cases involving recombination in the second segment. 
Equally, for the fourth segment, we take for each of the four pairs of values Л, 5 


Т Ка, T' = Ry4-58, 
U = Ка, U' = RB+Sy, 


giving eight pairs of values for the eight distinguishable classes of gamete. Using the segmental functions 
of the fifth segment, we have from each of these pairs 


T(B+8)+U(+y) 


the eight values of which should check to a total calculable in advance, namely the hyperbolic cosine of twice 
the total arm-length from centromere to terminus. 

The expectations corresponding with assigned lengths of segments are then found by dividing each by 
cosh 2U, where U now stands for the total metrical arm length. (References 58, 59, 60, 61). 


Example 7.3 


An arm is divided by four markers Р, О, А and 5 into five segments with metrical lengths то, 25, 20, 15 
and 5 cM, where the centimorgan is defined as т per cent. of the metrical unit. To apply the computational 
procedure outlined above, these lengths are first doubled to give the first two decimal places of the arguments 
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» 
of the segmental functions to be used. The first argument is therefore "20 and the second "50; we take then 
directly from the table :-- 

(84-9)(:20) = "2013360 | а(:5о) = 170026043 8(-50) = 0208349 

(а-ру)Сао) = 170200668 || В( 50) = "5002604 У(:50) = "1250217 | 
from which the pairs Р, О and Р”, Q' are calculated directly, as shown in Table 2.02 with the о 
calculations completed. 


TABLE 2.02 


Frequency Segments 
R, 5. 7, U: per cent. recombining. 
1:4348573 1:1899512 50:584 Мопе 
1"1237739 т"0410167 
1:0356102 | 
"0552312 "3912112 16:630 (4) 
Р .7]121594 "3837585 
1'0269182 L 
5 1780864 “3871909 16:459 (3) 
10679309 13675134 
*3670838 
"0047088 "0375561 1:596 (34) 
0308998 
2065418 "2515250 10:692 (2) 
*1377938 *2296870 
"2289896 
"0072313 10520285 2:237 (24) 
Р” *0464244 70516457 
Q' ‘2282509 
*0172024 *0387828 1649 (23) 
"0061490 10368752 
0308351 
ROO 25 70035643 52 (234) 
"0035024 
273524100 997999 
cosh 1550 2:3524096 


Since the differential coefficients of these functions are the same functions permuted, the rates of change 
of the eight frequencies for variations of the segment lengths are obtained by calculations involving the same 
tabulated values. Segment lengths may then be estimated from observed frequencies by the method of 
maximum likelihood. Estimates of unmarked segments will, naturally, have a very low precision. 


TABLES XV AND XVI. LATIN SQUARES 


Latin squares of size 7 Х 7 and smaller have been enumerated (11), (22), (66). For 4X4 and 5X5 squares 
all the standard squares (е. squares with first row and first column in the standard order) are shown in 
Table XV, except that only one of each pair of conjugate 5 Х 5 squares is given (two standard squares are 
conjugate if the rows of one are the columns of the other). From each 4X4 standard square 4! 3! —1 non- 
standard squares, all different, may be generated by permuting all the rows except the first, and all columns. 
Thus each 4x4 standard square represents a set of I44 squares. There are consequently 4X144 ог 576 
4X4 Latin squares. Similarly, there are 562880 or 161,280 5X5 Latin squares. There is one 2 x2 
standard square and one 3 X 3 standard square, giving two 2 Х 2 squares and twelve 3X3 squares in all, 

For 6X6 squares one square of each transformation set (Z.e. set generated from one of its members by 
permutation of rows, columns, and letters), or of each pair of. conjugate transformation sets, is shown, Such 
permutation of rows, columns and letters will generate (6 1)? or 373,248,000 squares, of which 6X6! or 4320 
are standard squares. These squares are, however, not necessarily all different, the largest number actually 
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obtained in any one 6X6 set being one-quarter of the possible number, ѓе. то8о standard squares, and the 
smallest number one 216th, Ze. го standard squares. The actual numbers in each transformation set are 
shown in the table. There are in ай 9408 standard 6 X 6 squares, giving 812,851,200 6 Хб squares in all. 

By permuting with each other the three categories, rows, columns, and letters, six sets are formed, not 
necessarily all different. These sets are said to be adjugate. In the case of the 6X6 squares each pair of 
conjugate sets and the set immediately following them in the table form an adjugate trio of sets. The remain- 
ing sets affe self-adjugate. 

Norton (22) has enumerated 562 sets of 7X7 squares, of 146 species, containing 16,927,968 standard 
squares. Later, A. Sade, using a different method of enumeration, obtained the value 16,942,080 for the 
number of standard 7 x 7 squares; he has subsequently discovered a 147th species (66) which accounts for the 
discrepancy of 14,112 standard squares. Four examples are shown in the table. Square (а) is a member of a 
transformation set in which the squares generated by the permutation of rows, columns and letters are all 
different. It thus céntains (71) or 128,024,064,000 squares, of which 7X7! or 35,280 are standard squares. 
The sets generated by the adjugate permutations are also all different. The example thus stands for an aggregate 
of 211,680 standard squares. No Graeco-Latin squares can be formed with any of these. 

Square (4) differs from square (а) only by the interchange of two pairs of letters, В and C in the 5th and 
6th columns. It belongs to a set of only 11,760 standard squares, which is one of an adjugate trio of sets, 
giving 35,280 standard squares in all. One-seventh (1680) of the standard squares of one of these sets are 
self-conjugate. Again no Graeco-Latin square can be formed. 

The third illustration is а Graeco-Latin square, with the fourth category (Greek letters) represented by 
numeral suffixes. No fifth category can be added. The suffixes are standardised by assigning them in their 
natural order to the first row. The Latin square involved is one of a set of only 210 standard Latin squares, 
but the same transformation of the Graeco-Latin square yields a set of 1680 standard Graeco-Latin squares, 
containing eight different standard arrangements of the suffixes in each Latin square. These eight solutions 
are in fact all that exist, so that this set of Latin squares belongs to only one Graeco-Latin set. Permutation 
of the three categories, rows, columns, and letters, yields the same set, but if suffixes are interchanged with 
rows, columns, or letters, three more sets of 1680 standard Graeco-Latin squares are formed (6720 in all). 

The three new sets all involve the cyclic Latin square shown as the fourth example. There are only 
120 standard Latin squares in this set, so that each has 14 solutions in each of the Graeco-Latin sets, or 42 in 
all. Under orthogonal squares are given six 7 X 7 squares, of which the first is the above Latin square, while 
the rest are five more Graeco solutions which belong to a second set and are mutually orthogonal. 

Little is known about squares larger than 7Х 7, other than the orthogonal properties of the special sets 
shown in Table XVI. In Table XV a single example of each size from 8X8 to 12X12 is given. These 
examples will suffice (after permutation of rows, columns, and letters at random) for experimental arrange- 
ments requiring Latin squares of these sizes. 

To select a square at random from all possible squares of a given size up to 6X6 proceed as follows : 


(4) Select опе of the given squares by using the key numbers printed below each square, selecting a 
number at random from all possible key numbers. If the key number falls in the second of two 
groups use the conjugate square. 

(2) In the case of 3X3, 4X4, and 5 Х 5 squares permute all rows except the first of the selected square, 
and all columns. Alternatively permute all rows except the first and assign the letters to the 
treatments at random. For 6X6 squares permute all rows and all columns at random, and then 
assign the letters to the treatments at random. 


Table XVI gives complete sets of orthogonal Latin squares of sides 3, 4, 5, 7, 8, and 9. Two Latin 
squares are orthogonal to each other if, when they are superimposed, every letter of one square occurs once 
and once only with every letter of the other. Such a pair of squares (one square being written with Greek 
and the other with Latin letters) form a Graeco-Latin square. 

If а complete set of ?—1 orthogonal squares of side û exists, the 22--т degrees of freedom corresponding 
to the contrasts of the 7? cells of the square split up into ф-т sets of p—1 degrees of freedom, corresponding 
to the contrasts between the rows, between the columns, and between the letters of each of the 2—1 squares. 
A set of less than —1 orthogonal squares gives a similar but incomplete partition. 

Complete sets of orthogonal squares are known to exist for all prime numbers and powers of primes, 
(See The Design of Experiments.) The rule of formation for all prime numbers will be apparent from inspection 
of the sets for ^ = 5 and û = 7, each row being formed by moving the previous row т, 2, 3. . . places to the 
left, The existence of complete sets of orthogonal squares, for all prime-power values of р, was proved 
independently by К. C. Bose (63) and W. L. Stevens (64). See also В. C. Bose and К. В. Nair (65). 

The rows of the 8X8 squares may be taken to represent the 8 combinations of three two-level factors 
А, В, and С, in the order (т), а, 6, ab, с, ас, де, abe, and the columns may be taken to represent the similar 
combinations of a further three factors D, Æ, and F. The 64 cells of each square will then represent the 64 
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combinations ої the 6 factors. The numbers of each square will divide these combinations into 8 groups e 
8, the contrasts among which will represent a set of 7 degrees of freedom orthogonal to 4, В це C as 
their interactions, and to D, Æ, and F and their interactions, and also to the six other sets of seven он 3 
freedom given by the other six squares. In the squares shown these degrees of freedom papiro o 
specific interactions between the six factors. The interactions corresponding to 3 degrees of freedom from 
each set are shown in the table, the remainder being given by the “ generalised " interactions of these three. 
Note the law of formation of each set from the preceding one, corresponding to the cyclic interchahge of all 
the rows of the square except the first. 

The set of 9X9 squares possesses similar properties. The actual degrees of freedom confounded, when 
the cells of the squares represent the 81 combinations of four factors at three levels, are given in terms of the 
notation developed by Yates (3). ne 

Besides their use in ordinary factorial design, complete sets of orthogonal squares serve as the basis of 
quasi-factorial and quasi-Latin square designs (balanced lattices and lattice squares) and also serve to generate 
other designs in balanced incomplete blocks. (See (15), (16), (17), and Tables XVII-XIX.) ‚Райз апа 
. larger incomplete sets of orthogonal squares (Стесо- and hyper-Greco-Latin squares) also provide designs 
for varietal trials superseding the so-called semi-Latin squares (3). : 

An orthogonal pair of squares exists for all odd numbers, being formed of two “ diagonal Р squares 
(squares of the type of the 5 Х 5 squares I and IV). Such a pair also exists for all numbers which are multi ples 
of 4. The process of generation, which depends on the existence of orthogonal pairs of squares for factors of 
the number, may be illustrated for a pair of га Х 12 squares. Let a and а" represent the 4 x 4 squares I and П, 
B and В’, and y and у’, the same squares with т, 2, 3, 4 replaced by s, 6, 7, 8 and 9, то, 11, 12 respectively. 
Then 


a By a P у 
By a and y a в 
ya В B' y^ а 


form an orthogonal pair of 12X12 squares. The process will generate larger orthogonal sets if such sets 
exist for both factors of the number, Thus there will be a set of three squares of side 20. 

It has been shown that no orthogonal pair of 6 X6 squares exists, but larger even numbers not divisible 
by 4 have not been investigated. 


TABLES XVII TO XIX. BALANCED INCOMPLETE BLOCKS 


И о varieties (or treatments) are to be compared in randomized blocks of А experimental units (4 being 
less than 2), block differences can be simply eliminated if the arrangement is such that every two varieties 
occur together in the same number (А) of blocks. If z is the number of replicates, and 4 the number of blocks, 
the number of experimental units is 72(= 24), and А = r(—1)/(v—1). Examples of experimental material 
and processes in which this type of arrangement, called Ja/anced incomplete blocks, is likely to be of use аге: 
litters of animals, monozygotic twins and other paired material, laboratory and technological processes in 
which the nature of the process or the apparatus available imposes a definite limit on the number of 
treatments in а group, agricultural experiments on commercial farms when each farm is only prepared 
to undertake а small number of treatments, and varietal trials involving a large number of varieties. (Зее 
also Vates (16).) 

Arrangements satisfying the required conditions are clearly provided by taking all possible combinations 
of the v varieties, ё at a time, but if v is at all large, the number of replicates required will be very large. 
Arrangements involving fewer replicates are therefore of importance. Tables XVIII and XIX give indexes, 
by number of replications (7), and by number of units in a block (4) respectively, of the arrangements requiring 
ten or less replications which are known to exist, and of all arithmetically possible arrangements, the 
existence of which had not been disproved at the date of the first edition. Since then the non-existence of 
solutions of Nos. 10 and 14 has been demonstrated by Q. M. Hussain (44, 45), and No. 8 has been eliminated 
by H. К. Nandi (46). These cases are marked by an asterisk. Cases not yet solved are marked by a dagger. 
General discussions of the construction of incom: b У а 


С. В. Као (47). The solutions for Nos. 26 and 27 and those for Nos. 17 and го are due to К. М. Bhattacharya 


to by numb shown i i і 
all combinations are indicated Бу x (unreduced), Ü ers are shown in Table XVII. Those involving 


1 and the two series derivable from sets of orthogonal squares 
(described below) by 0.5. When A>4y arrangements can be obtained from arrangements for the same 
х. 
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number ої varieties in blocks ої 2-8 units, by replacing each block by its complemeut, z.e. by a block 
containing all the varieties missing from the original block. 

Sometimes the blocks may be arranged in groups so as to minimise the inter-block variance. Each such 
group must contain an equal number of replicates of each variety. In general it is not possible so to arrange 
things that each group of blocks contains only a single replication. Such groups as are possible in the designs 
of Table КУП are indicated in the table itself. Other arrangements possessing this property are possible in 
certain cases when a multiple of the number of replications required for the designs of the Table are used. 
Thus when 4 = За a balanced design and its complement will give such a grouping. Within each group 
the arrangement of the blocks should be at random. 

Some of the combinatorial solutions are derivable very simply by cyclic substitutions. In such cases one 
block only for each family is given in Table XVII. In solution number 2, for example, the block 26/27 is given. 
The contents of theeother то blocks are obtained progressively by replacing each letter by the next in order, 
with the convention that the last letter Å is followed by а. Thus the blocks are ає/рі, bfghj, cghik, dhija, etc. 

For the dicyclic solutions a similar procedure holds. In solution number 5, for example, the 16 varieties 
are represented by 4 letters in combination with 4 suffixes. The 16 blocks are generated by performing the 
cyclic substitution on the letters (thus obtaining 4 blocks) and then performing the cyclic substitution on the 
suffixes of each of these 4 blocks. 

Some of the cyclic and dicyclic solutions consist of more than one family, each family being generated 
by a cyclic or dicyclic substitution of the above type. 

Two series of arrangements and their complements are derivable from complete sets of orthogonal Latin 
squares (Table XVI). In the first, for 2° varieties in 2(24-1) blocks of 2 plots (^ =p+1, А = т), each of the 

2° cells of the set of squares is taken to represent a variety, the blocks being determined by the rows, the 
columns and the numbers of the ?—1 squares. In the second, for 224-2--1 varieties in 22-2--т blocks of 
p-+1 plots (r =p-+1, А = 1), 2° of the varieties are divided as in the first arrangement, each of the û +1 
additional varieties being allotted to one of the +1 sets of blocks so formed, while the last block consists 
entirely of these additional varieties. Thus the set of 4 X4 squares gives the following arrangements for 16 
and гг varieties (the latter including the bracketed varieties) : 


abcd (0) acim(r) ағёр (9 agin (0) ahjo (и) (7514) 
efgh (4) bfjn (r) belo (9 878” (1) bgip (и) 
ijkl (0) сево (r) chin (5) сеў? Ò cf Lm (и) 
т тор (0) 721710) dgjm(s) dfio (0 dekn(u) 


The second of these series, at least up to то replications, may also be generated by the cyclic substitutions 
shown in Table 2.1. For convenience the varieties are here represented by numbers instead of letters. The 
first series may then be obtained from the second by deleting any set of varieties occurring in the same block. 


TABLE 2.1. CYCLIC SOLUTIONS FOR BALANCED INCOMPLETE BLOCKS 


Problem, Modulus (9). Selected numbers. 
0.5.2 7 I, 2, 4 
0.5.3 13 1,2,4, 10 
2 її 1, 5,6, 7, 9 
0. 5.4 21 I, 4, 5, То, 12 
0.5.5 31 I, 2, 4, IT, 15, 27 
9 15 1,2,3, 5 б, 9,11 
0.5.7 57 т, 4, 6, 14, 15, 21, 33, 37 
19 19 535 6, 7, 8, 11, 14, 15 
23 37 т, 2,4, B, 18, 25, 26, 30, 36 
0.5.8 73 1,2, 4, 8, 16, 32, 37, 55, 64 
0.5.9 от 1, 2, 7, 11, 24, 27, 35, 42, 54, 56 


То these may be added the unreduced (и) designs with й = v—1. See also the dicyclic solutions in one family (No. 5), in two 
families (No. 13), and the cyclic solutions in two families (Nos. 4, 11, 29) and in three families (No. 18) of Table XVII. 
The unreduced (и) design with 2 = 2 and v odd has an obvious cyclic solution in 4(v—1) families, and by taking complements a 
corresponding result is obtained when $ = v—2. 


Youden's Squares 


It has been shown (Youden, 21 ; Smith and Hartley, 52) that when 2 = v it is possible so to arrange the | 
order of the varieties in the blocks that each variety occurs once in each position in the block, and it is thus 
possible to eliminate experimental differences between these positions, each of which comprises a complete 
replication. 2 t 
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For example, experimental material consisting of 13 plants each with 4 corresponding leaves 23 To 
assigned to 13 treatments so that each treatment occurs once on each type of leaf. At me same aes 
13 plants constitute randomized blocks of 4 treatments each, in which each ка; occurs m е 5 жу 
plant once with every other treatment. Similarly a varietal trial of 13 varieties in blocks of 4 may be arrang 


on the ground in a 4X 13 rectangle of plots so that both row and column differences are eliminated from the 
i 2 
varietal comparisons. 


In drawing up an actual experimental arrangement of this type the blocks should be assigned to the 
plants (or arranged on the ground) at random, and the experimental treatments (or varieties) should be similarly 
assigned to the letters. . : 2 1 

A cyclic ог dicyclic substitution which gives an incomplete block solution will also give the corresponding 
Youden square, provided that each block is written in the order in which it is generated. The complementary 
Youden square solution may be obtained by performing the same cyclic substitution ог» the block which is 
complementary to the given block. Of the remaining solutions of Table XVII for which 6 = 2, №. го із 
arranged in the form of а Youden square, and а Youden square form of the solution for No, 27 is shown in 
Table 2.2. 


TABLE 2.2. 


Gd пе fag КЕЈ 
ólgupatyeo 
СЛ ДА во EA sxe 
dgmwAcDBya 
eBxómEdntiC 
1; Состе изд 
&DEanlomki 
heysCinkgp 


tmigujBque 
Jyhfinmowr 
RobshwgCBg 
Старша ск 
mefpgyAxbh 
nAsCyujgdl 
onproBcegA 
bdolsAxDjB 


qrknjDócxu 
rfliBCvbDy 
sinDbvuzAah 
tptkDeCj Aw 
uhBcEAkIl ft 
vjwklbspme 
wuszsAtdErod 
xv4jogafCE 


YOUDEN SQUARE SOLUTION (6 = 0 = 31, 7 = = то) 


yejBà&sraEs 
swovegkfdin 
Axemrslihg 
Biaxsspuwnf 
Cauvdrhkpm 
DEggftpsrd 
EgDhwnuyuvue 


Cyclic and dicyclic solutions in two or more families provide an extension of Youden squares. In these 


the differences corresponding to the positions in the blocks of each family may be eliminated, e.g. 9 degrees 
of freedom in solution No. 29 for то replicates of 41 varieties. Solution т 5 is also given in the form of an 
extended Youden design. Each variety occurs 3 times in each position in the blocks, and the 2 degrees 
of freedom between the three positions can be eliminated. This form of No. 1 5 (and Youden solutions 
of Nos. 20 and 27) was given by 8. 8, Shrikhande (54) in a study of designs for two-way elimination 
of heterogeneity. 

Besides balanced incomplete blocks and Youden squares a number of different types of non-balanced 
arrangement are also available, namely quasi-factorial arrangements, described in (25) and (26), lattice squares 
(27), and partially balanced arrangements (28). The various types of arrangement are reviewed in ( 3) and 
(29). The experimenter should acquaint himself with their advantages and disadvantages before deciding 
which is most appropriate for his own needs. 3 


Analysis of Balanced Incomplete Block Experiments 


In the analysis of incomplete block experiments the block differences may be eliminated entirely from 
the varietal comparisons (Yates, 16), or, as has been shown later (Yates, 23), the information contributed by 


these comparisons may be combined with that provided by the intra-block comparisons, with weights 


depending on the relative accurac 


results). 


1f the choice of blocks has been successful in 
the amount of information contributed by the inte 
when the inter-block and intra-block comparisons 


the value } when 4 = 2 and v is large, 


In general, therefore, 
with less than то degrees 


sufficient accuracy. If the method described below is followed the amount of additional 
- not great. 


y of the two sets of comparisons (as е 


stimated from the experimental 


substantially reducing the variability of the material, then 
r-block comparisons will be small, but in the limiting case 
are of equal accuracy, the fraction of the total information 


contained in the inter-block comparisons is given by the efficiency factor E = аа ЦИ - 2 
i—i[v 


p which approaches 


И 15 worth recovering the inter-block information, except in small experiments 


of freedom for blocks, in which the relative weights cannot be determined with 


computation is 


If У, be the sum of all the yields of variety 5, 7, the sum of all the block totals of blocks containing variety 


з, 7", the sum об all the remaining block totals, and С the total yield of all plots, Ше estimates of the varietal 
differences derived from the intra-block comparisons are obtained from the quantities 
Ё 0, = PT, 4/8, 
or, as is more convenient when 82-40, 
с о, = ЕТ. 
The actual differences in units of the total yield of the 7 replicates are given by the differences of 
ОЈЕ or ОЕ, 
the sum of the first set being zero, and of the second set 7G/Av. 
The error variance of these latter sets of quantities is 7/ Æw, where 1/zw is the intra-block error variance. 
The estimates €f the varietal differences derived from the inter-block comparisons are similarly given by 
the differences of 
ТА) ог rdi), 
in units of the total yield of > replicates. The error variance of these sets of quantities is &*/(r—2)z/, where 
т/го! is the error variance of the inter-block comparisons, in units of а single plot. 
The most efficient estimates of the varietal differences are given by the quantities 
Y, Брий, 
where W, = (0—2)V,—(»—1)7,4-(&—1)G, 
w—w" 
and = о 
їй 200(8--1)--20 (0-4) 


The error variance ої the Y’s is 
hr(v—1) 
wu(k—1) 420 (v—ky 


The analysis of variance follows the lines shown in the accompanying table, in which dev? indicates the 
sum of squares of the deviations, у the individual yields and B the block totals. If recovery of inter-block 
information із not required then only the part (а) of the analysis of variance is required. There is also no 
need to subdivide the sum of squares for blocks, ignoring varieties. The comparison of the mean square (@) 
for varieties with intra-block error gives an exact test of significance for the intra-block estimates. 


Method (а). D.F. S.S. (а). S.S. (8). Method (6). 
Blocks (ignoring varieties) : Blocks (eliminating varieties) : 
2 7 2 
Varietal component . ? 0—1 Ш аншоа Varietal component 
ДА) rv(v—A) (&—1) 
Remainder . 4 5 . 2-0 Де й ї Remainder 
dev? ВХ 
Total . . р, 1 E ó—1 2 Ї Total 
dev? k de V 4 А 
Varieties (eliminating blocks) . 0—1 By с 2 Varieties (ignoring blocks) 
Intra-block error  . 5 . | rv—v—b-+1 Ї — 1 Intra-block error 
Total . 2 о д ? ти--т dev? y* <> dev y* | Total 


* Requires checking. + Calculated by addition or subtraction. 


ТЕ the mean square for intra-block error is M and the mean square (0) for the 2—1 degrees of freedom 
for blocks, eliminating varieties, is M”, w and ги" are estimated from the equations 
DUE (ду Сыз 
w= mw Мо БМ 


ТЕМ" is less than M, ги" may ordinarily be taken as equal to 20. : НА 
ТЕ the structure of the design is such that the blocks fall into у groups, each containing a single replication 


of all the varieties (as in solutions Nos. 6, 7, 21 and 2 5), and each of these groups of blocks is itself arranged in 
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a large block, then the sum ої squares corresponding to the »—1 degrees of freedom for complete replications 
must be eliminated from the sums of squares for blocks. The formula for 207 will then become 

ра ка" 

OS таг 


а ра 
In the more general case in which there are с such groups of blocks, each containing 7/¢ replications, 

we have 
, 


_ 9(r—1)—4(c—1) 
w = -AM п ВИ 


In the case of а Youden square the sum of squares corresponding to the #--т degrees of freedom for the 
4 series (representing leaf position, etc.) must be eliminated from the intra-block error. ° 


Example 8 


Table 3 shows the scores of 18 litters of 4 rats in a discrimination test, the values shown being the 
square roots of the numbers of trials prior to 12 consecutive successful trials (the data are a random selection 
from scores published by Е. A. E. Crew (ro). A dummy trial of 9 treatments (e.g. dietary treatments) in 
blocks of 4, corresponding to litters, is superimposed on these scores. (Design 11 of Table XVII, у = 8, 
v=9,k =4,b = 18, ۸ = 3) 


TABLE 3. Scores OF 18 LITTERS or Rats 
2:6, 7 59 ато i24 i 50 пот 8 39 h 4:0 6 2.8 
49:7 Ч 2:6 7 46 адо й 7:4 а 97 d 41 y 6x 7 26 
£54 7 59 7 49 ао ємо 772557 е 6-4 £44 e 28 
е бо 5 6:3 с 33 f94 с 94 #15 763 € 33 #33 


24:6 207 19:8 11:8 321 330 20:7 17:8 1175 


2 57 2 47 а зо с 75 с 37 ізо d 45 8 26 513 
293 & 6-6 13471 g 2:2 а 5:2 g 2:6 à бо е 4:9 е 5'4 
c 5'4 a55 2 4'2 е 26 d 2:4 447 846 d 6*o f51 
2 ба #5:3 4 2:8 4 4:4 6 2-4 е 24 с 33 h 4:6 а 44 


26:5 2271 114 16:7 137 121 184 181 22:8 
Grand Total: 354-4. Mean: 4:92. 


Table 4 shows the values of И, 7, 40 and W for the nine treatments a-z The analysis of variance is 
shown in Table s. і 


TABLE 4. CALCULATION oF ADJUSTED SCORES IN DISCRIMINATION TEST 


- 
у. т. 49 M 2 
сна, | ФЕН. | _ ү таас | суви, 
а 43:9 |. 1522 | --23-4 46:3 65:1 4577 
б 3971 1564 о 394 75 3973 
с 41'3 169:6 —4*4 381 —87-т 38:9 
4 4376 1517 | -F227 46*1 +67°6 454 
е 417 15072 7-6 41:6 D 416 
I 35°6 1620 | —19:6 33:6 --548 341 
я 286 | 1383 | —23-9 323 +99°8 313 
h 42°8 1725 -т3 390 --102:8 дою 
2 37:8 1557 -45 38г0 +6:6 380 
E 3544 | 14176 o 35474 o У 
Divisor 8 45 42-8-27/ за. 895'3 i 
= 20 = 108 = 1080 
| aj 
24 


TABLE 5. ANALYSIS OF VARIANCE, DISCRIMINATION TEST 


xs | 


D.F. S.S. (a). 5.5. (0). 
9 Blocks : 
Varietal component . 8 41:4684 3710634 416329 (4) 
Remainder d & 9 138-2011 138-2011 15°3557 


Total З 2 3 17 179:6695 175:2645 10:3097 (6) 


Varieties . - 3 8 19:6044 2410004 2:4506 (а) 
Error . . * 5 46 1194506 119:4506 2:5008 
Total . В б ие 318:7245 318:7245 - 


From the results of the analysis of variance we obtain 
Np 63 
0 = 2:8968 68 X 10:3097 —5 Х2"5968 
0:3851--0"0016 0-2935 
27 Хо:385т-5 Хо'одіб | 10:8557 
The final adjusted scores in terms of the total scores of eight rats are given in the last column of Table 4. The 
standard error of these scores is 


0'0916, 


= 0.3851, 10" 


0:02704. 


256 
V2 = 23:58 = 4:86. 

The scores based on intra-block information only (which are equal to Q/ £--5G) are also shown in Table 4. 
"Their standard errors are 

A/(8 X 2:5968 X 32/27) = 4/24:62 = 4:96. 

Thus the gain in information from the recovery of the inter-block information is 24:62/23:58—1 or 4:4 per 
cent, (excluding losses due to inaccuracy of weighting). The gain is here trivial, but if inter-litter and intra- 
litter comparisons had been of equal accuracy, the gain would have been 18:5 per cent. 

The litter totals can be adjusted to allow for the effects of the treatments by deducting one-eighth the 
scores based on intra-litter differences only of each of the four treatments contained in the litter concerned 
from the total of that litter (adding four times the general mean if desired). Thus the adjusted total of the 


first litter is 24:6—4-:20—5:76—4-:76—5:20--4X 4:92 = 24:36. 


TABLES XX AND XXI. ORDINAL (OR RANKED) DATA 


It is often necessary to draw statistical conclusions from data giving the order of a number of magnitudes 
without knowledge of their quantitative values. Thus in tests of psychological preference subjects can often 
express preferences, without being able to assign numerical values to the force with which the preference is 
felt. Not infrequently, also, an experimenter who possesses quantitative values may suspect that the metric 
used is unsuitable to the comparisons he wishes to make, and prefer to draw conclusions only from the order 
of the magnitudes observed. 

The analysis of such data is greatly facilitated by Table ХХ, which gives the average deviate of the 7th 
largest of samples of г observations drawn from a normal distribution having unit variance. Symbolically 


this comes to 
- 
т 
а کے‎ их үд 
^e Jes? 6: 
-00 
where z is the ordinate of the normal curve, and р and 0 are the probabilities respectively of falling short of 


and exceeding x. 

From the order in which any subject places a series of objects scores may now be assigned. With a number 
of different subjects, the experimenter is then in a position to test, for example, whether the scores assigned 
to any one object significantly exceed those assigned to another; or, more generally, to apply an analysis of 
variance to determine whether the variance in score among objects exceeds the remainder due to differences 
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in the order chosen by different subjects. More elaborate analyses afford tests of differentiation in рака 
between classes of subjects of different sex or age. The AR of summing the squares of individual scores 
is saved by using the sums of squares given in Table XXI. 1 я 
> "The d qur ties causes tittle difficulty. If, for example, the fifth and sixth objects out of 13 are judged 
to be equal, instead of scoring one "39 and the other "то, each is given the same score 29. In such, cases Ээ 
sum of squares needs adjustment. When only two objects are judged to be equal it is easy to see that the 
reduction is 3(:39--"19)? = "02, so that the sum of squares is 10°7904 1n place of 108104 shown by the table. 
The table can also be used to obtain the factor by which the range of a sample of size 7 should be multiplied 

to give an estimate of the standard deviation of an observation. The factor is in fact 1/214. | Thus the range 
of a sample ої 8 should be multiplied by 1/(2 X142) = 0°352- Similarly if the mean of the difference between 
the largest and smallest observations, and between the second largest and second smallest is taken, the 
appropriate factor is 1/{2 (а Вир). 3 

5 Th a normal ud c m provides quite an efficient estimate of the standard deviation if the 
sample size is small, but the efficiency becomes low as the size of the sample is increased, as is shown by the 
following values : 


Size. Efficiency. Size. Efficiency. 
2 100 15 76:8 
4 975 20 69:9 
6 933 25 64-7 
8 890 50 48:9 
то 85:0 100 34:8 


Moreover if the distribution is not normal the use of the factors appropriate to the normal distribution 
will give biased estimates of the standard deviation, whereas the ordinary estimate of the variance based on 
the sum of the squares of the deviations will be unbiased whatever the form of the distribution. The magnitude 
of the bias tends to increase as the size of the sample increases. 

On both grounds, therefore, the range should not be used with large samples. Nor has its use with a 
single small sample much to recommend it, since in this case the calculation of the ordinary estimate is not 
laborious. Similar objections apply to the use of a modified / test based on the range. If a large number of 
small samples of the same size (say not greater than то) from a distribution are available, however, the mean 
range will provide a. reasonably efficient estimate of the standard deviation and one that is not likely to be 
seriously biased unless the distribution departs markedly from normality. The range can also be appropriately 
used in quality control work to provide a control on the variability, though in this case there is no point in 
converting to the standard deviation, provided the sample size is constant. 


TABLE XXII. THE LEADING DIFFERENCES OF POWERS OF NATURAL NUMBERS 


The table gives values of Аточ//, where До? denotes the leading rth difference of the sth powers of the 
natural numbers commencing at zero. Its application to combinatorial problems arises from the identity 


aos s 5! 
7 пт (Рата! s. 
where (дү! фут. . .) із а partition of the number s into 7 parts, ѓе. 
Emp =S, Хп - ғ. 


The partitional function on the right represents the number of ways of dividing 5 persons into the 7 parties 
specified by the partition. The summation proceeds over all partitions of s into 7 parts. 

Hence A*o*[r | is the number of ways of dividing s persons into у parties of all possible sizes. For example 
with s= 4, 7 = 2, the tables gives 7 ways, which are in fact, j 


(абу(са)), (ac) 9d), (ad (2c), (abe)(d), (abd c), (аса)(б), (^ed (a). 


If s objects are equally likely to fall into any of z classes, the probability that they will fall into exactl 
т of the possible т classes can be shown to be у : 


1 "| Жо 
т (поті r! 
Непсе Ше distribution of 7 can be derived from the table. Thus the table is useful for testing whether 
objects fall together in classes too often or too rarely. For practical applications see Stevens (12) (13). 
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Example 9 


Їл the expression for z it may be noticed that in the first го decimal places ай digits save zero occur at 
least once. Zero is the only digit absent. It is not obvious how frequently о, т, 2,. . . absent digits would 
be found in a series chosen at random. 

Putting $ = 20, # = то, 7 = 9 in the expression shown we find 


то! 
тов Х 120113 X 1010 
= 3:6288Х 120113 = 4359. 


Hence in 43:59 per cent. of trials we should expect exactly one absent digit; similarly we should expect 
no digit absent in 2¢-47 per cent. of such trials ; consequently two or more digits will be absent in the remain- 
ing 34°94 per cent. The absence of one digit out of ten is the commonest event in such trials. 


The table may be extended by using the recurrence relation 


Ar*lgsti Artio? Атов 
@ БИО УШ Л ал t 
This equation may be written 
Ано ДКА до Дт: 
C+D — 2 EE 


showing that the entries derived from powers of natural numbers commencing at uz/Zy, may be read from this 
same table, with » and s both increased by one. 


TABLE XXIII. ORTHOGONAL POLYNOMIALS 


If а polynomial regression line 
У = арфа рех?-рах- . . . 


is to be fitted to a series of и’ observations at equal intervals of x, we may conveniently fit instead the 
equivalent line 
Y= АВАНС Ра... 


where £, £g, ёз . . . are orthogonal polynomials of degree 1, 2, 3 . . . (4 = y and & = x—5). A method 
of determining the coefficients by successive addition, and also of calculating the polynomial values by the 
same process, is given in Statistical Methods. If the numerical values of the ¢’s (or multiples £' — A£ of them) 
are known for each value of x an alternative procedure (set out below) is available. Table XXIII shows these 
numerical values for all £' from £', to ¢’;, and all z' from 3 to 75. In each case the smallest value of A is 
chosen which gives integral values to £'. This value is shown at the foot of the corresponding column, and is 
the coefficient of the highest power of x in #. The sum of squares of each set of 875 is also shown. Above 
и = 8 only the values for positive «—# are given. More extensive tables are available elsewhere (38, 39). 
The first reference (38) gives values of £', to £'; for all и" to тод, the second (39) gives values of ¢’, to 2", for all 
# to 52. 

The coefficient of each £' in the regression equation is found by calculating the sum of the products of the 
observed values у and the corresponding values of £', and dividing by the sum of squares of £'. Thus the 


coefficient of £', is 
S(y Ea) 
С = 5. 
SQ) 


The corresponding sum of squares in the analysis of variance is 


бор 


CSE) = SED 


and the estimated standard error of С" із 5/4/55(2,2. 
If any or all of the values of У corresponding to the ги observations are required they may be calculated 


directly from the values of the coefficients and Ше 275, using the equation 
Y= В НС ЕВ! Е... М 
This procedure is particularly useful when only а few values аге required. 
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ТЕ the regression equation is required in terms of powers of х the formule tor the #5 in terms of powers 


of х given in ‘Statistical Methods (editions 3-6), or the recurrence formula 


РАСА 
ё = fb — Е ба 


(£y = 1) may Бе used, together with # = хе, Alternatively the coefficients of the powers of x in each ё 
may be deduced from the tabulated values of the #75, as illustrated in the example below (remembering that 
the even 275 contain only even powers of x, and the odd 875 odd powers of х). 

The relative advantages of the above method and the alternative process of successive addition depend 
on the computing facilities available, but with a good multiplying machine, and no printing adding machine, 
the use of the 275 will be found to be decidedly more expeditious, especially when ли is small, If polynomials 
of the fourth or fifth degree are to be fitted the sums and differences of the pairs of observations (commencing 
from the centre) should be tabulated, thereby halving the number of multiplications. At the same time the 
values may frequently be reduced in magnitude by the deduction of a constant amount, and if necessary by 
rounding off. If polynomials have to be fitted to a number of sets of observations with the same и" it is worth 
tabulating ei tes б» and Фр and using the checks Sylt £s #5) = Зуб РУ ta Sy e's and 
SEa tHE) = буба а 


Example 10 


Table 6 shows the yields (bushels per acre) of plots 9 and 7 of Broadbalk wheat field for the 30 years 
1855-1884. The only difference in manurial treatment was that plot 9 received nitrate of soda and 7 an 
equivalent quantity of nitrogen as sulphate of ammonia. Investigate the slow changes in the difference 
between the two plots by fitting a polynomial of the fifth degree. (This example is discussed in Statistical 
Methods, Sections 26 and 28.1. The values there given have been rounded off to one decimal place.) 


TABLE 6 
Harvest Harvest Harvest 
Year. 9. fs 9:7: Near‘ 9. 7 9-7. Үсаг, 9. 7. 9-7. 
1855 | 29:6 | 330 | -34 | 1865 | 441 | 2 Чао | 1875 | 305 | 266 +3°9 
1856 | 324 | 369 | —4'5 | 1866 | 3275 | 299 +426 | 1876 | 333 | 2555 +78 | 
1857 43-8 | 448 —го 1867 2971 | 222 -рб9 1877 40'1 19'I +210 | 
1858 37:6 38:9 -13 1868 478 39:2 +8°6 1878 37"2 32:2 +5°0 
1859 300 347 -47 1869 390 | 28:2 4-10:8 1879 21'9 17°2 T47 
1860 32:6 27:7 +4'9 1870 4575 414 +41 1880 341 343 —:2 
1861 338 | 34'9 -тт 1871 344 22:3 +121 1881 354 26'1 +9°3 
1862 434 | 359 +75 1872 407 291 +11°6 1882 318 348 —3°0 
1863 | 556 | 537 | +ro | 1873 | 358 | 228 | ° 1883 | 434 | 363 +71 
1864 511 45:8 - 5:3 1874 38:2 39:6 --14 1884 494 37:8 2:6 
tL 
'The cómputations are given in Table 7. The first step is to form th i i 
: . e sum 5 5 
values, working outwards from the centre pair. 5 м 
Thus 14-9 = +4'1-+10°8 and —6-7 = -+-4'1—10°8. 


The totals of the sums and the differences check against the sum and difference of the totals of the first fifteen 
and last fifteen of the original values. The total sum of squares of the deviations from the mean, ae 5 
can be calculated from the sums and differences, and, as a check, from the original val h : ша 
as these totals are obtained. а ун ння 
The sums of products with the ё values are next u і i 
coefficients and the sum of squares accounted for by each pon d ane A etam mes сн hecked by 
direct recalculation or by the method described above. Finally the analysis of variance ка be Ско 
giving the residual mean square of 24'14. It will be seen the first two terms account КҮКҮ аре 
of the variation, but the mean squares of the remaining three terms are all below the resid са p E. 
Thus a parabola adequately describes the slow changes. Багт 
The equation of the parabola is 


У = 4:4667--о'13255 Ёү--ого20762-2 . ope ya № (1) 
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TABLE 7 


РЧ R] 


| Sums of Products. 
Years. Sum. Difference. Е 
5 Term. SEY. eee Sum of Squares, 
"ло, "69 +149 -6:7 І +-1191°6 4-0:1325473 1579434 
"71, 768 -Еао“7 +3°5 2 --89дого --0:02976190 267:5595 
742, бу +1875 +47 3 —8772:2 —0'034106789 3:6026 
"73, 66 15:6 + 10-4 4 +-148509г0 -1-0:014044817 6*0069 
74, 65 Fars 53 5 Я-72доо:4 +0г043374157 2:4429 
"75, 64 +92 —14 
"76, 63 -97 +5°9 
"77, ба +285 Tas - 
Тота Ч 5 
178, Ч T39 T6u Analysis of Variance. 
79, бо 49:6 —0'2 4 
"Зо, 759 -49 +4°5 Degrees of Sum of Squares, | Mean Square. 
’81, 158 -F8:o +10°6 
82, 57 —4'0 —2'0 
783, 156 2:6 +11°6 Polynomial terms . 5 437755 8751 
'84, '55 —o'8 +60 Remainder . 5 24 57944 24°14 
+-134'0 +612 Total . 5 29 1016:99 
4:46 


which can be converted into an equation in x, if this is required, by substitution for £ and 2. 
If x is measured from the centre point of the series ё; = ах and £4 = 3 + С, the coefficients 2 and 3 of 
2 2 


the highest powers of x being given in Table XXIII. Further, since £4 = —112 when x = +}, we have 
immediately С = —112:375. 
Alternatively the recurrence formula gives 


EC UCM 
Б 112375. 


This gives the equation / 
У = 7'8112-+-0'26510x—0'044643a" . я 5 . . а 7 Ка) 


The value of У for any given year can be calculated from (т). Thus for the year 1855 
У = 4"4667--0°13255 (—29) —0:029762 (4-203) = --5 4189. 


Similarly for the year 1884 the value is +-2-2690. Equation (2) will, of course, give the same values. 

The parabola has a maximum at x = -р2"969, ѓе. at the date 1872:469, У then having the value --8:2048. 
The improvement of plot 9 relative to plot 7 therefore appears to have reached a climax at about this date, 
there being some evidence of a reduction in the difference subsequently. 

As a further exercise polynomials may be fitted to the yields of the two plots separately. The difference of 
these two polynomials clearly gives the polynomial already determined. 


TABLE XXIV. CALCULATION OF INTEGRALS FROM EQUALLY SPACED ORDINATES 


The table supplies data useful for the mechanical integration of functions calculated at not very closely 
spaced ordinates. Its use may be illustrated by the series of reciprocals of numbers from 15 to 19. In this 
case the integral is known to be log, 19/15, or "23638,87780,66; the average ordinate over the four units in 
the panel is, therefore, *05909,71945,16. An accurate calculation can be obtained from the series of | 
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reciprocals and their even differences. Taking enough to use the eighth difference, these are as follows to ten 


places of decimals :— 


Differences. 
Number, Reciprocal. 
and. 4th. 6th. » Sth. 
13 :07692,30769 
14 *07142,85714 73,26008 
15 *06666,66667 59,52380 3,23209 | 
тб *06250,00000 49,01961 2,33426 28383 3 
17 105882,35204. 40,84968 1,71996 18438 3745 
18 :05555:55556 3439911 1,29004 12268 
19 :05263,15789 20,23978 * 98280 
20 :05000,00000 25,06265 
21 *04761,90476 


Using the coefficients for 4 sub-panels in the table for central ordinate and even differences, the successive 
approximations obtained are as follows :— 


Correction. Value. Error. 
No difference *05882,35294,00 --27,36651,16 
and » +-27,23312,00 *05909,58606,00 --13339,10 
4th » 313387747 705909,71983,47 +38,31 
6th » —39,02 :05909,71944,45 2 
8th » +86 :05900,71945,31 +15 


To show the adequacy of the adjustments two additional figures have been retained. The evaluation is 
satisfactory using only 6th differences, although the 8th difference is a four-figure number. 

The formule using integral multipliers in the first part of the table (4 sub-panels) give exactly equivalent 
values to the use of 4th and 6th differences. 


TABLES XXV то XXXII AND XXXIV. LOGARITHMS, TRIGONOMETRICAL FUNCTIONS, ETC. 


These tables comprise the standard functions that are likely to be required by the statistician. Five- 
figure accuracy has been adopted in most of the tables, since four-figure tables are already sufficiently plentiful, 
and five figures bridge the gap between the slide-rule (roughly three-figure accuracy) and seven-figure standard 
tables. 

In addition to the ordinary table of logarithms to base то of numbers 1:00 to 9:99 (Table XXV) six 
pages of natural logarithms (log, ‘too—log, 99:9) are included (Table XXVI). This table will prove useful 
to those who find it convenient to work with natural logarithms. | Exact squares of all three-figure numbers 
(Table ХХУП) will enable an occasional analysis of variance to be performed without a machine. Square 
roots (Table XXVIII) are so tabulated that the square roots of each three-figure number and of ten times 
that number appear together. This facilitates reference to the table, and serves as a reminder of the necessity 
of considering the position of the decimal point before taking out a square root. Reciprocals (Table XXIX) 
are given to six figures, since interpolation is not likely to be required in this table when a machine is avail- 
able, and the additional figure is useful when division is being performed on a machine by means of reciprocals. 

Table XXX gives the factorials of the numbers 1-300 to six significant figures, and their logarithms to 
seven decimal places. Of the trigonometrical functions only natural sines (Table XXXI) and tangents 
(Table XXXII) have been included. By tabulating (90°— 6) tan 0 instead of tan 0 for values of 0 greater than 
60° five-figure accuracy of interpolated values is assured, even for high angles. 

In Table XXXIV will be found a collection of constants, conversion factors, etc, Only the English, 
American and metric systems of weights and measures have been included, the more uncommon measures 
of these systems being given in their most easily remembered forms. 

The tabulation of the above tables to 5 and 6 figure accuracy does not preclude their use to four-figure 

accuracy only when the circumstances warrant it. For this purpose they will be found little slower than the 
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ordinary four-figure tables, since the amount ої page-turning is the same. When using logarithms to fout- 
figure accuracy it will frequently be found most expeditious, as well as slightly more accurate, to retain 5 figures 
in the logarithmic calculations, without making any attempt to interpolate to more than four-figure accuracy. 
General instructions for interpolation are given in the last section of the Introduction. 


TABLE XXXIII. RANDOM NUMBERS 


. 
E This table contains 7500 two-figure random numbers arranged on six pages. The method of construction 
of the table, and the tests made on it, are described in the first edition. Methods of using the table may best 
be made clear by a couple of examples. 


Example тт. Required to select a series of numbers at random from the numbers 1-16. 


The simplest way of doing this is to select а тому, column or diagonal of two-figure numbers (such selection 
being made without previous inspection of the numbers themselves), and pick out all numbers between 1 and 
16 as they occur. With a number like 16, however, such a procedure is tedious and wasteful of numbers. 
As an alternative we may divide each two-figure number by 16 and take the remainder (о counting as 16). 
It is clear that to give all numbers an equal chance of selection the numbers 97, 98, 99 and oo must be rejected. 
A modification of this process, which somewhat lightens the arithmetic, is to use the divisor 20 instead of 16, 
rejecting any number which gives оо, 17, 18 or 19. Thus 73 would be read as 13. 


Example 12. Required to arrange 16 treatments, numbered 1-16, in random order. 


We may start by selecting a series of numbers between т and 16 by one of the methods of the last example, 
rejecting any number if it occurs a second time. After half the numbers have been selected, however, the 
process becomes tedious, since the rejections become more numerous, on the average, than the selections. 
This difficulty may be overcome by choosing the first number by making a selection between 1 and 16, the 
second by making a selection between г and т5, the third by making a selection between т and r4, and so on, 
the actual number selected at each stage being taken to indicate (by counting from one end of the series) which 
of the numbers still remaining is to be chosen. This operation can easily be performed Бу writing down all 
the numbers (or other symbols) in order and striking out each as it is selected. Thus, taking the fourteenth 
column of two-figure numbers on page IV, which reads 


82, 05, 30, 58, 55, 66, 53, 16, 89, 56, 16, 70, 70, 07, 37, 
we obtain on dividing successively Бу тб, 15, 14, 13 . . . the following series of remainders 
2, 5, 2, 6, 7, 11, 3, 7,1, 7, 4 5, 2, 1, 1. 


We therefore select the second, fifth, second, etc., numbers of all numbers still unselected. This gives 
2, 6, 3, 9, 11, 16, 5, 13, 1, 15, 10, 14, 7, 4, 8, 12. 

Various combinations of the above methods can also be used. An excellent way of proceeding in 
Example 12 is to select the first 7 treatments by selecting a number between т and 16 by dividing by 20, as 
suggested in Example 11, rejecting any number which occurs a second time, afterwards completing the selection 
by division of the subsequent two-figure numbers by decreasing divisors according to the method just given, 
Using this process on the numbers printed above we obtain as the first 7 treatments 


2, 5, 10, 18 (rejected), 15, 6, 13, 16. 


Division of the subsequent numbers by 9, 8, 7, etc., gives the series 8, 8, 2, etc., so that the corresponding 
treatments are the eighth, eighth, second, etc., of those remaining, ѓе. 12, 14, 3, etc. 


TABLES ХХХП AND XXXIII2 


Table XXXIIIr gives 750 random permutations, numbered 0-749, of the numbers o-9. Ву its aid 
random permutations of up to то objects can be obtained immediately, instead of by the procedure given in 
Example 12. Table XXXIII2 gives гоо similar permutations of the numbers o-19. It can also be used to 
give additional permutations of the numbers о-9 which are independent of one another and of those given in 
Table XXXIII1, by taking separately the numbers 0-0 and то-то of each permutation. These tables are 
useful in such processes as the allocation of treatments to the plots of a randomized block experiment, the 
randomization of the rows, columns and letters of a Latin square, etc. 

Each permutation of то is arranged in two groups ої 5 printed one beneath the other, and each permutation 
of го is similarly arranged in a 4X 5 pattern. The reading of the permutation in a different order, e.g. down 
instead of across, will give another random permutation, but not one that is fully independent of the first, 


ЗІ 


For this reason, when large numbers of random and strictly independent permutations are required they should 
be generated from a table of random numbers, or by some other fully random process. For the purpose of 


experimental design, however, Tables ХХХИИ and XXXIII2 will provide ай that is normally required. 


Numbering of the permutations serves two purposes. It enables permutations to be selected from the 
om Table XXXIII. It also 


table at random by selecting a number at random in the appropriate range fr 1 1 
enables the permutations which are to be used in particular experiments to be specified, thus ensuring that the 
> 


arrangement used is really random, without drawing up the detailed plans. s 
The tables can also be used to give random permutations of more than 20 numbers by one of the methods 


illustrated in Examples 12.1 and 12.2. The first method is applicable to other symbols, such as letters, without 


any additional transcription. ) : 1 
The tables were generated by Mr B. М. Church from Table XXXIII by the aid of Hollerith equipment. 


Tables of тооо permutations of 9 and 1000 of 16 haye previously been published by Cochran and Cox (3b), 
following a suggestion by G. W. Snedecor. 2 


Example 12.1. Arrange the 40 symbols 4-2, a-n, in random order. 


By means of Table XXXIII the symbols are first divided into two groups in such a manner that each 
symbol has an equal chance of falling in either group. If at the end of the process one group contains more 
than 20 symbols a random selection is made for transfer to the other group, so that two groups of 20 are 
obtained. These groups are then permuted by means of two permutations from Table XXXIII2. 

Thus using column no. 38 of Table XX XIII (IV), and placing odds in group I, we obtain 


т 2 3 4 5 6 7 8 9 то її 12 13 14 15 16 17 18 19 20 21 22 
GroupI . 5 A(B)DEFGMISJKLNPSXZab_¢g 8. 57-78 
Group П . . CMOORTUVWYe« фе fh А Ги (Н) (8) 


Selection of two numbers at random from 1-22 gives nos. 7 and 2, ќе. symbols И and В, for transfer. Тие 
blanks thereby created in group I are filled by the symbols 7 and ги. Transferred symbols are shown bracketed. 
Permutations number тот and roo applied to the two groups, о being read as го, then give the final 
permutation :— 


aX] gEjINDSAIPmFiIKGZLIUOedkhCYfMHVQRBWceTn 


It should be noted that transfers are only necessary to reduce the group size to within range of the tables. 
Thus in arranging 32 symbols in random order by subdivision into two groups it will only rarely happen that 
either group exceeds 20. 

Е For numbers of symbols larger than до three or more groups may be used. If transfer is necessary it is 
immaterial in which group a transferred symbol is placed, provided the permissible size is not exceeded. 


Example 12.2. Arrange the numbers 1-24 in random order. 


ў Instead of dividing into groups we may, when the total number of symbols does not greatly exceed 20, 
insert the extra symbols at randomly located points in a random permutation of the first 20 symbols. This is 
easily done if the symbols are numbers, Permutation по, 54 gives 


2, 11, 20, 1, 7, 19, 13, 18, 8, 6, 9, 15, 3, I7, 16, 4, 12, 5, то, 14: 


А number, say 17, is then selected at random from the numbers 1-21, and 21 is therefore inserted immediately 
before end Ji If 21 знай selected the number 21 would be inserted at the end of the series. The process 
is repeated by selecting at random from the numbers 1-22, 1-23 and 1-24 in turn. If r 

۲ - : Фе Ё 
obtained the final arrangement is E є Эрэн 


2, її, 20, 1, 22, 7, 19, 13, 18, 8, 6, 9, 15, 3, 21, 17, 16, 4, 24, 12, 5, 10, 14, 23. 


INTERPOLATION 


dees DM Жин are provided with special aids to rapid interpolation, such as proportional parts, mean 
mien ye = ds ar зни printed in the tables. In ‘other cases linear interpolation is generally 
d е table gives values for и, and пауз, and the value is required for wig, we may take е 


0 
ي‎ визна Pars 


where ¢ stands for т—0. This form is convenient for ine work use the 
| . 1 пет machin 3 y iti ick 
е work Р mentally it is often quicker to use th 


<= Unt e. — tt). 
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à Modern work, especially that of Jordan (20) and Aitken (18), (19), has much facilitated the use of interpola- 
tion, without the aid of differences, in cases for which linear interpolation is thought not to be sufficiently 
accurate. А very useful improvement on the linear interpolate, based on four instead of two adjacent tabular 
values, is obtained by supplementing the linear interpolate from the two nearest entries by that from the next 
two which enclose them. This latter is 


- ut Мада радија). 


Curvature of the entries із shown Бу z' differing from x”, the error of the former being generally of the 
same sign as that of the latter, though smaller. To complete the adjustment calculate the product 0$, and use 


и = }{(2+0d)u' —0фи"} 


which is the correct 4-point interpolate, obtained without the use of differences. 

In the tables in Which mean proportional parts are given for each line of the table, only the proportional 
parts for т to 5 units are included, instead of, as is customary in tables of this type, for 1 to 9 units, it being 
intended that subtraction from the next higher tabular value should be used when interpolating for fractions 
above o:s. The exact procedure will be clear from the examples below. The advantages of this innovation 
are two-fold: firstly the differences which have to be dealt with are smaller, thus facilitating the arithmetic 
(which should be done mentally), and secondly the errors arising from the use of sean proportional parts for 
the whole of each line are reduced. * , 

The actual tables in which this type of arrangement has been adopted, for the whole or the greater part 
of the table, comprise: II (ordinates of the normal distribution), IX (probits), XXV and XXVI (logarithms), 
XXVIII (square roots), XXXI (sines), and XXXII (tangents). In tables XXV and XXVI (logarithms) the 
common practice is followed of tabulating the values Гог the numbers то-19 on 20 lines instead of то, so that 
five values instead of ten occur on each line, thus reducing the range covered by each set of mean proportional 
parts (which are here changing rather rapidly) to five units of the interval of tabulation. 

In Table ХХІХ (reciprocals) mean differences of consecutive tabular values, instead of mean proportional 
parts, are given for each line of the table (thus allowing space for the tabulation of six figures instead of five). 
These mean differences correspond to ten times the mean proportional parts for x unit given in the other 
tables. This course has also been followed for Table VIT (transformation of » to є). 

In those parts of Table XI (probits) and Table ХХІХ (reciprocals) where the first differences are changing 
so rapidly that the mean proportional parts or mean differences are too inaccurate to be of value, the actual 
first differences between each tabular value and the next are given. 

In Table XXVII (squares) no differences are given. Squares of four-figure numbers may be easily derived 
by the use of the expansion of (a+4)2, as indicated in the note below the table. 

Tn all the above tables, except the last two lines of the table of probits and the first 20 lines (1:0-2:9) of the 
table of reciprocals, linear interpolation will give results accurate to one unit in the last tabulated place. The 
use of mean proportional parts or mean differences will, of course, give errors greater than this in those parts 
of the tables where the differences are changing rapidly. The actual magnitude of the error may be assessed 
by seeing how rapidly the proportional parts are changing from line to line, as illustrated in Example 13 below. 
The mean proportional parts should therefore be used with discretion when full tabular accuracy is required. 


Example 13 


Find the natural logarithm of 11:06. We have log, 11'1 = 2140695. Тһе proportional part for 4 is 
357. Thus log, 11:06 = 240338. The true value = 2°40333,5, the discrepancy being due to the use of the 
mean proportional part instead of the correct proportional part, which is o*4 (2 "40605--2: 39790), ѓе. 362. Аз 
will be seen by inspection the proportional parts are here changing rather rapidly. A closer approximation 
would have been obtained by taking this change into account, interpolating roughly in the required column 


of proportional parts, ѓе. between 357 and 374. 


Example 14 


е square root of 2074 is 574222, and since 2:6 = 3—o'4 the required 


Find the square root of 29-426. Thi 
(True value = 5:42457.) 


proportional part is 28--3"7 ОГ 24, giving the value 5:4246. 


Example 15 


The nearest tabular value, о"79259, is that for 38° 24. The 


Find the angle whose tangent is о"79134. 3 : 39 i 1 
erefore, the angle is 38° 21", a closer approximation being 


difference is —125. Го the nearest minute, th 
38° ат. (True value = 38° 21736") 
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Example 16 


Find the angle whose tangent is 2-82. Ordinary inverse interpolation is here impossible, since (90*—6) 
tan @ is tabulated, but any approximation may be rapidly improved by dividing the tabular value by the 
given tangent, and subtracting from 90°. First find a rough approximation by interpolation in the auxiliary 
marginal table of tangents. This gives a value between 704° and 70°5°, ie, between 70° 24" and то? зо“. 


We then obtain 


Tabular Value Plus Original 
Angle. (9. |2.82. egies 
704 55043 19:5188 89:9188 |» 
705 55:066 1915270 90'0270 


The second column gives the tabular values from the table, the third is the result of dividing these by the given 
tangent 2:82. Subtracting either of these from до? gives a better approximation. For full accuracy we use 
the fourth column, which is the sum of these quotients and the original angles. Inverse linear interpolation 
between the last two values for the value go will now give the required angle, namely 70:4750, ѓе. 70° 28.50". 
(True value = 70? 28:499". й i 
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TABLE I. THE NORMAL DISTRIBUTION 


р, Foo: ГЪ FEOF "ог "oj *o4 +05 +06 *07 *o8 09 
у о 20 2:575829 2:326348 2'170090 2'053749 1:959904 1:880794 r81ir91r 1:750686 1:695398 
| a т | r644854 1598103 1554774 1'514102 1475791 1439531 1405072 1372204 1'340755 1'310579| 
"2 | 1281552 1253565 #1. 2260528 г 200350 1174087 1150349 1126391 1103063 1:080319 1058122 ~ 
13 | го36433 1015222 ‘994458 "974114 1954165 1934589 ‘915365 "896473 “877896 "8596177 
"4 | "840521 823894 -806421 "789192 “772193 “755415 7738847 722479 "706303 690309. 
“5 "674490 "658838 "643345 "628006 "612813 “597760 -582842 “568051  :553385 538836 |, 
| "6 | 1524401 "510073 ‘495850 "481727 “467699 :453762 “430013 "426148 "412463 “398855 " 
"7 | 7385320 "371856 "358459 "345126 "331853 "318639 1305481 ‘292375 "279319 "266311 
“8 “253347 "240426 ‘227545 "214702 “201803 "1890118 "176374 ‘163658 ‘150969 "138304 
*9 *125661 "113039 100434 ‘087845  :075270 “062707 “050154 ‘037608 "025069 "012533 > 
> е = 2 3 
i P “оо "000,1 *000,01 *000,001 +000,000,f  *000,000,01 *000,000,001 
1 хо, . - 329953 3: 89059 441717 4: 89164 532 5:73073 610941 


| The value of Р for each entry is found by adding the column heading to the value in the left-hand margin. The corresponding value 
of wis the deviation such that the probability of an observation falling outside the range from —x to 4-4 is P. For example, P = "03 
for x = 25170000 во that 3 per cent. of normally distributed values will have positive or negative deviations exceeding tlie standard 
deviation in the ratio 2:170090 at least. 

The table of probits (Table IX) provides a more extensive (P, х) table. The probit table refers to a single tail of the distribution, 
and the P's derived from that table must therefore be multiplied by 2 to bring them into line with the P's of Table T. 


TABLE П. ORDINATES OF THE NORMAL DISTRIBUTION 
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o3 | 3814 "3802 "3790 "3778 “3765 "375% “3739, 983125 (3712) “3607 „| -Е.-3, жа o -0 
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то | +0656 +0644 +0632 "0620 "0608 “0596 ‘0584 0573 "0562 "0551 -1 за -4 -5 -6 


го “0540 “04209 "0519 “0508 0498 «0488 +0478 0468 “04509 +0449 |-1 -2% 8 aos 
arr “0449 “0431 "0422 0413 0404 “9196 ‘0387 "0379 "0311 "0363 |-1 -2 -3 -3 -4 
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2°3 “0283 “0277 "0270 “0264 -0258 40252, “0246 0244 “0235 "0229 | =I =t —2 -2 7-3 
24 “0224 "0219 “0213 “0208 0203 “0108 ‘0194 ‘0189 "0184 +0180 о =! <I -2 -2 
25 *O175 0171 “0167 -0163 "0158 *OIS4 "0151 0147 ‘0143 "0139 о зі -I -2 -2 
26 “0136 "0132 "0129 "0126 -or22 *OIIQ “0116 ‘0113 сото "0107 o -I -I -I -2 
2:7 "0104 *Огот "0099 "0096 "0093 “0001 "0088 +0086 ‘0084 0081 о -I -I -I -I 
28 *0079 "0077 "0075 "0073 “0071 +0069 "0067 "6065 ‘0063 ‘ообт о о -i -I зі 
2*9 *0060 “0058 “0056 “0054 "0053 "0051 ‘0050 “0048 “0047 “0046 о о о =I -I 
го Ч "2 E “4 +5 56 27 +8 27 
го "0044 0033 “0024 "0017 ‘0012 *0009 “0006 "0004 "0003 "0092 
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TABLE Ш. DISTRIBUTION OF # 
Probability. 

n *9 .8 "7 6 55 4 23 #2 (53 "05 02 ‘or ‘o01 
т | “158 “325 "510 "727 гооо 1376 r963 3:078 6:3:4 12:706 31-821 65657 636-619 
2 | +142 9280 "445 “бт7 +816 | гообі 1386 r886 2:920 4303 6:965 9925 317598 
5 | 137 7277 "424 "584 "765 | “978 1250 1638 2353 3182 4541 5:841 12:24 
4 | 1134 1271-1414 1569 1741 "941 15190 1:533 2'132 2776 3747 4604 8-бто 
5 | "132 "267 :408 "559 7727 "920 1156 1476 2015 „57: 3365 4032 6:869 
6 | ‘I3I +265 1404 "558 ‘718 | "006 1134 1449 1943 2447 3143 3707 5959 
7 | "130 "263 "402 "549 “711 "896 18119 r415 1895 2:365 2:998 3499 5:408 
8 | "130 "262 1399 "546 “706 "889 r108 1-397 1:860 27306 2:896 3355 Боді 
9 | -т29 "261 "398 "543 "703 "883 19100 1:383 1833 2262 2821 3250 4781 
то | "129 "260 “397 :542 700 "879 ro93 1:372 1812 2:228 2764 3469 (4587 
ТЕ | “129 "260 :396 "540 "697 "876 1:088 1363 1:796 2:201 2718 3106 4437 
12 | "128 “259 "395 "539 "695 "873 ro83 1356 1:782 2179, 2681 3055, 4318 
13 | "128 "259 “304 "538 "694 "870 1:079 1350 1:771 2.160 2:650 3012 4221 
14 | "128 "258 “303 “537 "692 4808 1:076 1.345 1'761 2:145 2:624 2:07) .ф140 
15 | "128 “258 “303 “536 . "бот “866 1:074 1°341 1753 2131. 2:602 2:047 4073 
16 | "128 :258 "392 "535 “боо "865 rogi 1:337 r746 24120 2583 2921 4015 
17 | "128 +257 "392 "534 689 "863 1069 1.333 1740 2110 2:56; 2898 3965 
18 | ‘I27 :257 “302 "534 "688 "862 ro67 r33o r734 2101 25552 2878 3:922 
19 | “127 "257 “391 "533 ‘688 "861 1066 1:328 1:729 2:093 2'539 2:861 3883 
20-| "127 “257 “391 "533 "687 "860 1064 1:325 17725 2:086 25528 2:845 | 3850 
21 | "127 "257 “301 “532 "686 “859 1063 1:323 1:721 2080 2518 2831 3819 
22 | "121 "256 +390 "532 "686 "858 roó6r r32r r71:;7 27074 (25508 z819 3792 
23 | "127 "256 "390 "532 "685 “858 robo 1-319 1714 2069 2500 25807 31767 

24 | "127 "256 “300 "531 685 7857 1059 1:318 1711 2'064 2402 2 d 
: 49 797 3745 
25 127 "256 "390 "531 "684 "856 1058 1316 г708 гобо 2485 2787 31725 
A пр 2 ae 5л "684 "856 1058 1:315 1:706 2:056  2:479. 2779 3797 
7 7 1250 "389 5531 "084 +855 11057 №314 1703 2052 2473 2771 3690 
28 | +127 "256 "389 "530 "683 "855 ros6 1:313 r7or 27048 2467 2763 3674 
29 | "127 “256 “389 “530 +683 "854 15055 15411 r699 2:045 2462 2:756 3:659 
30 | "127 +256 “389 "530 "683 "854 1055 1:310 1607 2042 2:45) 2750 3646 
бо 28 Эн си "238 oe "851 1050 1-303 1684 2021 2493, 2104 „ 3551 
254 "387 "527 "679 "848 т046 1296 r671: 2600 2:390 2660 3460 
120 p" "254 1386 "526 "677 "845 ro41 15280 r658 1980 2358 261; | 3373 
22 126 +253 “385 5524 ‘674 4842 1:036 15282 1.645 1960 2:326 2:576 3'291 


TABLE ТУ. . DISTRIBUTION OF x? 


Probability. 
n “99 "98 «95 "до -80 “70 “50 “зо "20 "то 105 "02 “от "оог 
г | “02:57 02628 “00303 0158 0642 ‘148 “455 ro74 1642 2:706. 384: 5412 0:635 10:827 
2 | "озот "0404 103 "211 "446 | "713 1386 2408 3219 4:605 5991 7824 9210 13815 
3 ае 31899 35320 "583 1005 1424 2366 3665 4642 (6251 7815 9837 11:345 16:266 
4| :297 ‘429 711 гобу 1049 2195 3357 4878 5989 7779 9488 1r668 ї3:277 18:467 
5 "554 "752 1145 1610 2:343 3000 435: боба 7:289 9236 11:070 13:388 15:086 20'515 
6 "872 1'134 1635 2204 3070 3828 5348 7231 8:558 “10645 12:593 15°033 16:812 22:457 
7 1239 1564 2167 23833 3822 4671 6:346 8:383 9:803 12017 14:067 16:622 18:475 24:322 
8 1646 2:032 21733 3400 4594 5527 7344 9524 1rogo 13:362 15507 18:168 го одо. 26:125 
9 2088 2532 3325 4168 5380 6:393 8:343 10:656 12:242^ 14:684 16:919. 19'679 21:666 27:877. 
то | 2558 3059 3040 4865 6:179 7267 9342 11:78: 13442 15'987 18:307 21°161 23:209 29:588 
II 3053 3609 4575 5578 6:989 8:148 1o341 12899 14:631 17275 19:675 22:618 247725 31:264 
12 | 3571 4178 5226 б'зод 7807 9034 11340 I4 011 15:812 18'549 21:026 24:054 26:217 32:909 
13 | 4'107 4765 5802 7:042 8:634. 9:926 12:340 15:110 16:985 -19'812 22:362 25:472 27688 34:528 
14 | 4660 5368 (6571 7:790 9467 1o821 13339 16:222 18-151 21:064 23:685 26:873 29'141 36:123 
15 | 5229 5985 7'261 8:547 10307 Ir721 14:339 17322 10:311 22:307 24'996 28:259 30578 37:697 
16 | 5812 (6614 7962 9312 11:152 12:624 15338 18:418 20:465 23:542 26:296 29:633 32:000 39'252 
17 6:408 7255 8:672 10:085 12:002 13:531 16:338 19:511 21615 24:769 27:587 30995 33409 40" 790 
18 7015 7906 9'390 10:865 12857 14440 17:338 20:601 22:760 25989 28:869 32:346 34°805 42:312 
19 7:633 8:567 10'117 11-65т 13-716 15:352 18:338 21-689 23:900 27:204 30'144 33:687 36'191 43:820 
20! 8'260 9237 10:85: 12:443 14-578 16:266 19:337 22:775 25:038 28412 31:410 35:020 37:566 45:315 
21 | 8:897 9915 11:501 13:240 15:445 17:182 20'337 23:858 26171 29'615 32671 36:343 38932 46:797 
22 9'542 10:боо 12:338 14:041 16:314 18:101 21:337 24:939 27:301 30813 33'924 37659 40289 48:268 
23 | 10'196 11293 13'091 14:848 17:187 19:021 22:337 26'018 28:429 32007 35'172 38'968 41.638 49'728 
24 | 10°856 1г992 13:848 15'659 18:062 19:943 23:337 27:096 29:553 33196 36'415 40:270 42:980 51179 
25 | 11:524 12:697 14:бїї 16:473 18:940 20:867 24:337 28'172 30675 34'382 37:652 41566 44:314 52:620 
26 | 12°198 13'409 15379 17292 19:820 21792 25-336 29:246 31795 35'563 38'885 42856 45642 54'052 
27 | 1r879 14125 16151 18-114 20:703 22719 26:336 30"319 32912 36:741 40113 44'140 46:963 55476 
28 | 13'565 14:847 16:928 18:03) 21:588 23:647 27336 31:301 34027 37916 41'337 45419 48:278 56:893 
29 | 14256 15574 17708 19:768 22475 24577 28336 32461 35139 39'087 47557 46-693 49:588 58" 302 
30 | 14'953 16:306 18:493 20'599 23:364 25:508 29336 33530 36250 40256 43'773 47962 50'892 59'703 


For larger values of и, the expression м2 4/2n—1 may be used as a normal deviate with unit variance, remembering that 
the probability for x* corresponds with that of a single tail of the normal curve. 
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TABLE V. DISTRIBUTION OF 2 
20 Per Cent. Points (H. W. Norton) 


а 1 2 3 4 5 6 8 12 24 © 
"я 
atl y 24 э 
т | 11242 12425 т 2849 173067 r3198 13286 13397 13508 r3619 13730 
з | *6343 6931 -1125 77219 ‘7275 77313 "7360 -7400 "7453 “7500 
3| "4933 ‘5299 "5385 "5418 ‘5435 | "5444 ©5453 "5401 "5405 “5467 
4 | 34214 74526 "4551 "4547 "4537 | "4528 14512 440: ‘4464 443! 
5 | "3892 "4075 *4062 +4032 "4004 "3982 "3947 "3905 "3853 "3791 
76 | -3645 "3180 3740 ‘3692 “3651. "3618 3969 3510 "3438 ‘3350 
7| "заты 73573 "3512 "3459 73399 | "3358 "3298 3224 "3135 "3025 
8 | "3342 "3419 ‘3342 "3269 "3211 "3163 "3093 "3008 2004 "2774 
9 | “3243 "3300 "3211 "3130 "3064 | "3011 "2938 "2838 "2721 72573 
то | “3164 ‘3206 "3107 "3018 "2946  :2889 2805 "2701 "2572 "2407 
II | ‘3100 "3129 "3021 2926 “2850 "2790 “2609 "2588 2449 "2268 
12 | "3047 "3065 "2951 "2850 "2770 "2706 "2611 "2493 "2345 72149 
13 | “3002 "3011 2801 "2786 "2703 +2636 “2536 2412 +2255 "2046 
14 | “2964 "2965 "2840 "2732 "2644  :2575 "2471 “2342 "2178 +1956 
15 | "2931 "2926 "2795 "2684 "2594 "2522 “2415 "2281 “2110 “1876 
16 | "2903 "2891 "2757 "2642 ‘2550 +2476 "2366 "2228 “2050 "1805 
17 | “2877 "2860 2723 "2605 “2511 “2436. "2322 “2180 “1007 "1741 
18 | “2855 +2833 "2602 "2572 "2476  '2399 "2283 "2138 "1949 "1682 
19 | “2835 "2809 "2665 +2543 "2445 "2367 2249 “2100 "1905 "1629 
20 | "2817 ‘2787 “2641 "2517 “2418-2338 -2217 "2066 ‘1866 “1581 
21 | "2800 ‘2767 "2619 2493 ‘2392 "2411 “2189 +2034 ‘1831 "1536 
22 | "286 "2750 "2599 "2471 "2369 "2287 ‘2163 “2006 "1798 "1495 
23 | "2772 ‘2733 "2581 2452 "2348 +2265 "2139 1980 ‘1767 "1457 
24 | “2760 "2719 “2564 +2433 "2329 “2245 ‘2117 1956 “1740 "1421 
25 | "2749 "2705 72549 2417 2311 "2226 “2007 ‘1933 "1715 "1388 
26 | +2738 2692 "2534 "2401 "2295 +2209 ‘2079 ‘1913 “тбот "1357 
27 | “2729 2681 "2521 +2387 ‘2280 +2193 “2062 “1804 ‘1669 "1328 
28 | +2720 "2670 “2500 +2374 2266 "2178 “2046 +1876 +1648 "1300 
29 | :2711 +2660 "2498 +2362 2253 +2165 2041 "1860 +1629 · ї214 
30| "2703 “2650 +2487 +2350 “2241 "2152 "2017 "1844 "1611 “1250 
40 | "2647 "2582 "2411 "2267 "2152 "2058 ‘1915 "1741 "1477 "1062 
бо | "2592 "2514 +2334 2184 "2063 +1965 "1813 +1616 "1338 +0848 
120 | “2536 "2446 ‘2258 -21or ‘1974 "1870 ‘1710 "1499 "1193 “0582 
© *248т “2379 ‘2183 2018 "1885 +1776 -1боб “1379  "ІОДІ о 
т + 0:8416 rec 
For high values of », and ла, а (20 per cent.) = ДЕ 0:4514 (2-1) approximately, 


where 2 = 14 I, 


241 


Ng 


т and э are taken, 
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In other parts of the table interpolation is approximately linear if reciprocals of 


« TABLE У. VARIANCE RATIO 
| 

| 20 Per Cent. Points of e” (Н. W. Norton) 
ax I 2 3 4 5 6 8 12 24 © 
т | ®9:47 1z00 13'06 13°64 Пот 14°26 14:58 14:00 15:24 15:58 
і 2| 356 poo 416 424 428 . 432 436 440 444 448 
3 | 268 289 204 296 297 297 298 2:98 298 298 
| 4| 235 247 248 248 248 247 247 246 244 243 
5| 218 226 225 2°24 223 2:22 220 2:18 216 213 
6| 207 213 211 209 208 2:06 2:04 202 199 195 
7| 200: 204 .202 199 1°97 r96 193 ror 187 r83 
8| rgs 198 195 192 rgo r88 1:86 1:83 179 174 
9| гот rg4 rgo 187 r85 1:83 тво 1'76 172 r67 
то | 188 rgo 186 r83 r8o 1-78 175 172 1:67 162 
тт | r86 187 r83 180 177 175 172 168 163 157 
12| 1:84 185 тво 1:77 1°74 172 169 165 гбо 154 
13 | 182 183 178 175 172 169 166 162 157 1:51 
14 | БЭХ FOL IO риз MIO 167 164 бо rss 148 
15 | тво r79 175 1971 168 1:66 162 158 153 146 
16| 179 178 174 1770 167 1-64 rór 156 151 143 
17 | 178 17) 172 168 165 1:63 1:59 1:55 149 142 
18| r7; 1:76 ги 1-67. F64 1-62 1:58 1°53 148 140 
| 19 | 176 175 тло 166 1°63 r6: 157 152 146 1:39 
20 | 176 175 I70 165 162 бо 156  г'51 145 137 
| 21| 1:75 174 169 165 гб 1:59 1:55 150 г44 1:36 
| 22 | 1:75 173 168 164 161 1458 154 149 143 135 
23| 174 173 168 1:63 1°60 157 153 149 142 134 
24 | 174 172 167 163 159 157 153 148 142 133 
25 | 1:73 172 1:66 1:62 1:59 1:56 152 147 141 132 
yy 26 | 173 т]: 166 162 158 156 152 147 140 131 
1 ў 27 | 1:73 гл 01:66 rór 158 155 151 146 r4o rgo 
28 | r72 гү: 165 161 157 155 151 146 139 1°30 
| 20| 1772 гло 165 гбо 157 1:54 150 145 139 1°29 
зо | r72 170 164 r6o 157 154 150 145 138 128 


до | то 168 162 157 154 1:51 1478 141 134 1 
бо | 168 165 159 155 151 1:48 144 138 га: 118 
ізо | 1:66 163 157 152 148 145 r4r 135 127 1 
© 1:64 rór rss 150 146 15437 715302 1543: 8 2:0 2 IE 


Lower 20 per cent, points are found by interchange of ж, and 72, ѓе. ту must 
always correspond with the greater mean square. 
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TABLE У. DISTRIBUTION OF 2—continued 
10 Per Cent. Points 


X 1 2 3 4 5 6 8 12 24 © 
та 
1 | "8427 170510 1:9907 2:0112 2°0236 2:0320 2'0425 2'0530 2'0636 20742 
2 |1:0716 1:0986 т-1075 171120 171146 т'тібд 171186 1°1208 11230 171252 
з | 38558 "8489 "8423 8379 "8347 "8324 "8293 "8258 8221 "8179 
4 | "1570 "1322 97164 “064 6994 "6944 6875 "6799 ‘6716 -6623 
5 | -7006 +6648 "6432 ‘6293 “6196 ‘6125 6029 5921 "5801 ‘5665 
6 | +6643 ‘6211 ‘5953 5786 ‘5669 “5583 ‘5465 35332 "5181 “5007 
7 | "6390 "5905 ‘5615 "5427 "5295 5107 7506: 4907 "4730 "4523 
8 | +6203 35678 +5364 5160 "5015 4907 4757 4585 34386 4148 
9 | "бобо "5504 "5171 4953 4798 "4682 "4520 34333 4114 “3840 
то | 5947 "5366 ‘5017 4788 "4624 "4502 43390 (4130 "3893 ‘3602 
її | 35855 "5253 4892 4653 4483 4355 4173 3962 "3710 (3305 
12 | 35719 ‘5160 +4788 94541 4365 4231 4043 "3821 ‘3555 (3219 
13 | “5715 5082 4701 4447 4265 4127 "3932 "3702 "3422 "3066 
14 | ‘5661 "5015 4626 "4366 4180 "4038 "3836 "3598 "3308 "2931 
15 | "5614 "4957 4561 4296 ‘4тоб 3961 "3754 3508 "3207 2813 
16 | 55572 4907 "4504 4235 4041 ‘3893 "3681 3429 ‘3118 2706 
17 | 55537 4863 4455 418: 3984 3833 3617] “3359 "3038 261: 
18 | 55505 4823 дії ‘4134 ‘3933 3780 "3560 ‘3296 2067 “2524 
19 | 55476 4788 “4371 “доор 3887 3732 "3508 ‘3240 ‘2904 2445 
20 | ‘5451 4757 ‘4336 4052 ‘3846 ‘3689 ‘3462 “3189 ‘2846 “2373 
21 | +5427 ‘4728 4304 4017 ‘3809 ‘3650 3420 ‘3143 "2793 2307 
22 | 55407 4703 74275 3986 “3776 "3615 ‘3382 "3101 ‘2744 "2245 
23 | 5388 “4679 "4248 ‘3957 ‘3745 ‘3582 "3347 "3062 "2700 ‘2188 
24 | 55370 4657 “4224 3931 ‘3117 ‘3553 "3315 ‘3027 ‘2659 2135 
25 | 55354 4638 дор "3906 -3691 "3526 ‘3286 "2994 “2621 "2086 
26 5339 "4620 4181 3884 ‘3667 "3500 3258 "2964 ‘2585 “2010 
27 | "5326 4603 24162 ‘3863 3645 “3477 ‘3233 2936 ‘2553 1096 
28 | 5313 14587 4144 ‘3844 73624 (42455 3210 "2010 ‘2522 +1055 
29 | “5301 4572 4128 ‘3826 ‘3605 3435 "3188 "2885 2403 "1916 
39 | 5290 4559 "4112 ‘3809 “3587 3416 ‘3167 "2863 "2466 -1880 
40 | "5211 4461 доот +3688 ‘3458 ‘3280 ‘3019 2696 ‘2268 +1509 


бо | "5133 4363 3801 ‘3567 "3328 3142 +2868 -2526 42063 1279 
120 | "5054 4266 +3781 "3446 ‘3198 ‘3005 2717 "2354 ‘1848 -o88r 
© "4976 “4170 3671 ‘3326 ("3069 -2866 22565 (92178 “1622 о 


1:2816 ал 

=———0*6071 |—— - ) i 
кору dre 7 (= > approximately, 
where Tim та Та other parts of the table interpolation is approximately linear if reciprocals of 
21 and э» are taken, 


For high values of s, and л}, s (to per cent) — 


TABLE У. VARIANCE RATIO—continued 


є 
то Per Cent. Points of e? 
i 

б bs I 2 3 4 5 6 
т | 39:86 49:50 53:59 55:83 57:24 58:20 
| 2 | 853 доо 916 924 929 933 
3| 5:54 546 5:39" 5:34 ° 5:31 | 5:28 
| 4 | 454. 432 410 дїї 405 фог 
| 5| 406 378 3602 3:52 345 340 
Vj 6.|- 3:78: 3:46 8 13:291 7:3:18 е 3311. J 3:05 
M 7 | 3:59- 3:26 3-07 "2:06 2188 2:83 
| 8 | 346 311 2:92 281 273 2:67 
R 9 | 3:36 3'05 | 2:81 269 2:61 2'55 
B то | 328 2:02 | 2:73. 2:61. 2:52. 2:46 
1-5 тт || 323% 2:80 "2306: 21754275 2745 2:39 
! TIES, AOL AOE 02340 12:207 2533 
13 зА аба ако ea agen 23535 2:28 
та | Зло кази 2-58 12-30237 2:24 
1571 43:07 7 TO 72:40 0952: 16:05 52 7 232 
16 | (31057 2:67 2:46 2533 2:04 22218 
3/7:1|2:3:03977:4:04:082:447 У 2:22 215 
18 | 3:01 2:62 2:42 2:29 2220 2:13 
19 | 2:99 2°61 2:40 22 acid CER 
зом 2107. 2150) 12:38 "772257 516 72500 
275 2306, 257 256. ката 2:14 2:08 
23: ОБА A23, 27229 дас 28100) 
2311 25047 42555727 725247 Шаар a pr 72:05 
24 | 2:93 254 2°33 219 2Ч0 204 
2 21022217 OT CR Сата “Зоб HOF 
26 | 2:0: 24152 2531 2-17 (2208; ao 
212| DO SECO OT 2:30 (22:17 2:07 2:00 
28 | 22589 ао 2:20 2716 2706 2-00 
29 |\ 230 7 2559: 2428 аб 2°00 21:09 
зо | 2:88 2:49 2:28 2414 2505 1°98 
до | 2:84 2:44. 2:23 2:09 2:00 1:93 
бо | TG 230 218 72:04: 1:95 741587 
| 129:5|7:25)57 лава ната EO U 1500: “- 11982 
| oo 2771 2:30 2:08 184 185 177 


12 


1:00 
1555 


1:67 
1:66 
1:65 
1:64 


1557 
1551 
1:45 
1:38 


Lower 10 per cent. points are found by interchange of м and 21, ќе. ту must 
always correspond with the greater mean square. 


TABLE У. DISTRIBUTION OF z—continued 
5 Per Cent. Points 


be 1 2 3 4 5 6 8 12 24 = 
т | 25421 276479 2:687о 2:707! 2:1194 2:7276 2:7380 277484 2:7588 2:7693 
2| r4592 r4722 14765 1478; 1'4890 1:4808 r4819 r483o r484» 174851 
3 | r1577 1-1284 1:1147 Г1051 10994 1:0953 1:0809 ro842 1:0781 1:0710 
4| rozi2 +9690 “9429 ‘9272 -9168 9093 8993 "8885 -8767 "8639 
5 | +9441 8777 8441 8236 ‘8097 7997 -7862 7714 “7550 „7308 
6 | -8948 -8188 -7798 ‘1558 7394 “7274 21112 “0931 “6729 "0499 
7 “8606 :7777 ‘7347 "1080 -6896 ‘6761 6576 -6369 ‘6134 5802 
8 | -8355 “7476 “7014 ‘6725 6525 "6378 -6175 “5945 "5082 "5371 
9 | “8163 +7242 "6757 0450 46248 "бово "5862 ‘5613 "5324 "4979 
то | 8012 -7058 ‘6553 ‘6232 “6009 "5843 75011 ‘5346 "5035 “4657 
ТІ +7889 "0909 "6387 0055 "5822 55048 "5406 "5120 "4795 “4387 
12| +7788 -6786 “6250 "5907 ‘5666 5487 “5234 “4941 "4592 "4156 
13 | “7703 -16682 "6134 ‘5783 ‘5535 "5350 “5989 “4785 "4419 73957 
14 | +7630 ‘6594 ‘6036 "5677 5423 ‘5233 74964 "4649 "4269 "3782 
15 | +7568 "6518 "5950 5585 "5326 | "5131 4858 4532 14138 “3628 
16 | 7514 ‘6451 “5876 ‘5505 "5241 5042 4760 :4428 "4022 "3490 
17 | “7466 "6393 5811 "5434 "5166 “4964 “4676 ‘4337 `3919 “3306 
18 | “7424 ‘6341 75753 ‘5371 75099 (4804 4602 4255 "3827 "3253 
19 | “7386 ‘6295 75701 ‘5315 ‘5040 4832 (4535 "4182 73743 "3151 
го | “7352 '6254 ‘5654 "5265 74986 "4776 (4474 4116 3668 -3057 
21 | +7322 ‘6216 ‘5612 "5219 "4938 “4725 74420 "4055 3599 72071 
22 | “7204 ‘6182 +5574 ‘5118 ‘4894 74679 4370 "4091 "3536 "2892 
23 | ‘7269 -6151 "5540 "5140 -4854 | :4636 “4325 73950 "3478 2815 
24 | -7246 ‘6123 “5508 ‘5106 "4817 | 4598 “4283 "3904 "3425 "2749 
25 | +7225 "6097 ‘5478 “5074 "4783 "4562 "4244 "3862 "3376 ‘2685 
26 | “7205 46073 "5451 "5045 4152 “4529 "4209 "3823 “3330 "2625 
27 | ‘7187 "6051 -5427 ‘5017 4723 74499 "4176 "3786 -3287 “2560 
28 | -:7171 "бозо ‘5403. 4992 "4696 | "4471 ‘4146 "3752 "3248 ‘2516 
29 "7155 ‘болг 5382 "4069 “4671 “4444 ‘4117 "3720 3211 “2466 
зо | :714Y ‘5994 ‘5362 4947 74648 4420 "додо "3691 "3176 "2419 
до | 7037 ‘5866 -5217 "4789 14479  :4242 "3897 “3475 "2920 "2057 
бо | “6933 "5738 “5073 ‘4632 "4311 "4064 "3702 "3255 “2654 «1644 
зо | "6830 "5611 4930 4415 ‘4143 ‘3885 '3506 "3032 "2376 1131 
œ | -6729 5486 “4787 ‘4319 "3974 “36 “3309 2804 "2085 о 


For high values of и; and ent.) = 10449 E ae وک‎ Р 
x. d 1 na 2(5 per cent.) AS 0:7843 (2 2 approximately, 
where де PA Ер Ж In other parts of the table interpolation is approximately linear if reciprocals of 


пу and из are taken, 
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| « TABLE У. VARIANCE RATIO—continued 


5 Per Cent. Points of e% 


71 
DN I 2 3 4 5 6 8 12 24 ос 
X 1614 199°5 215'7 224:6 230'2 2340 238: 2439 249:0 2543 
2 | 18:51 19:00 1916 19°25 19:30 19°33 19:37 10:41 19:45 10:50 
3 1013 955 928 912 gor 8:94 884 874 864 853 
4| TII 694 659 639 6:26 6:16 604 59I 577 563 
5| 66: 579 541 519 505 4-95 482 468 453 436 
6 599 514 476 453 439 428 415 доо 384 367 
1 | 48799 4:74. 435 412. 3:97 3887 3:73 3:57 3:41: 3:23 
8| 532 446 4:07 384 360 358 344 328 312 293 
9| 512 426.386 363 348 337 323 307 290 271 
I94 496 410 37I 348 333 3422 307 тог 274 254 
1 | 484 398 359 336 420 309 295 279 2:61 240 
12 | 475 388 349 326 311 зоо 285 2:69 2550 230 
13 467 3°80 41 318 3:02 2:92 27) 2:60 242 221 
14| 460. 374 334 311 296 285 270 253 235 213 
15 454 368 329 3096 гоо 270 264 248 2 29 207 
16| 449 363 324 Зог 285 274 2159 242 224 201 
17 445 359 320 296 2:81 2-70 255 "2:38 2210 1-96 
15 | 441 355 416 2'93 277 2:66 251 2:34 215 тоа 
19| 438 352 313 200 274 2:63 248 2:31 211 1:88 
20 | 435 3494310 287 271 260 245 228 08 r84 
21| 432 3:47 307 264 2:68 2-57 2:42 72:25 2:05 181 
22 4°39 344 3:05 282 266 255 240 223 203 178 
24 428 342 303 280 264 2:53 2:38 -2:20 2:00 1:76 
2 426 340 Зог 278 262 2551: 236 2418 108 173 
25 424 338 299 276 260 249 234 216 196 гӯ 


a 


422 337 208 274 259 247! 232 2 

421 335 296 213 257 246 „230 2 

420 334 795.271 256 244 220 212 гот 165 
418 333 293 270 254 243 228 2 

417 332 292 269 253 242 22) 2 


40 | фоё 323 284 261 245 234 218 гоо 170 rst 
бо | {оо 315 216 252 23) 225 210 г92 17097140 
120 392 307) 268245 229 217 202 183 1:61. r25 
ec 384 299 260 237 221 210 r94 175 152 roo 


ыыы ы 
ою оч 


Lower 5 per cent. points are found by interchange of », and пз, ѓе. п, must always 
correspond with the greater mean square. 
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TABLE V. DISTRIBUTION OF 2—continued з 


1 Per Cent. Points 


№ т 2 3 4 5 6 8 12 24 52 
та 
1 | 41535 42585 4:2074 4:3175 43297 43379 43482 43585 4:3689 24-3704 
2 | 22950 2:2076 2:2984 2:2988 2'2091 272992 2'2994 27299) 2729099 2'3001 
3 | 17649 r7140 rógrs 1:6786 r6703 1-6645 1°6569 1-6489 1:0404 16314 
4 | 15270 14452 1'4075 r3856 1:3711 13609 13473 13327 13170 1*3000 
5 | 139043 12929 r2449 122164 1:1074 11838 1'1656 1:1457 11239 1:0007 
6 | 1.3103 1:1955 141401 171068 10843 (120680 г'одбо ro218 +9948 “9643 
7 | 12526 11281 1-0672 1'0300 1-0048 9864 "9614 "9335 “0020 -8658 
8 | гатоб 110787 ror3s ‘9734 *9459 “9250 "8983 "8673 “8319. "7904 
9 | r1786 тодії ‘9724 +9299 +9006  -8791 ‘8494 "8157 “7769 "7305 
то | 171535 170114 ‘9399 "8954 -8646 -841g 48:04 47744 -7324 “6816 
11 | 11333 79874 :9136 8674 "8354 | "8116 -7785 7405 "6958 6408 
12 | 11166 +9677 "8919 "8443 ‘S111 "7864 7520 "7122 "6649 -бобт 
13 | 141027 "9511 "8737 +8248 "7907 "7652 “7295 ‘6882 -6386 “5701 
14 | годод "9370 “8581 "8082 +7732 "7471 ‘7103 ‘6675 “6159 “5500 
15 | говот +9249 8448 +7939 -7582  -7314 46037 16496 5961 -5269 
16 | готід +9144 ‘8331 "7814 +7450 +7177 "6791, "6339 *5786 5064 
17 | гобфт “0051 +8229 +7705 ‘7335 7057 16663 “6199 +5630 +4879 
18 | ros72 "8970 "8138 "7607 +7232 “6950 "6549 "бо75 "5491 "4712 
19 | гот "8897 +8057 "7521 +7140 "6854 "6447 5064 15366 -4560 
20 | r0457 "8831 “7985 +7443 -7058 +6768 16355 ‘5864 "5253 +4421 
21 | 150408 "8772 “7920 +7372 "6984 -669o -6272 15713 "5150 “4204 
22 | ro363 +8719 +7860 "7309 "6916 -6620 "6196 -5691 “5056 "4176 
23 | 10322 "8670 +7806 -7251 -6855 6555 “бїа7 15615 "4969 +4068 
24 | ro285 ‘8626 -7757 "7197 "6799 6496 "6064 -5545 4890 -3967 
25 | го251 +8585 "7712 +7148 "6747 | "6442. +6006 75481 -4816 -3872 
2 150220 8548 +7670 “7104 "6699 — "6392 15952 "5422 "4748 "3784 
27 | rorgr "8513 "7631 "7062 *6655 +6346 15902 +5367 -4685 *3701 
28 | 10164 "8481 77595 "7023 "6614 -6303 "5856 "5316 74626 ‘3624 
29 | Го139 8451 "7562 -6987 16576 — "6263 15813 "5269 4570 "3550 
30 | ror16 8423 "7531 "6954 “6540 +6226 75773 “5224 ("4519 «3481 
49 | 19949 "8223 -730) “6712 ‘6283 | "5956 ет - ОТ 4138 ‘2052 
бо | +9784 +8025 -7086 "6472 +6028 75687 om Хон dd AA 
120 | +9622 -7829 6867 +6234 -5774 15418 +4897 +4243 13339 "1612 
® | 19462 +7636 +6651 +5999 5522 15152 74604 +3908 2013 о 


For high values of т and ng, s (г рег cent.) = —1:235 С EN 1) approximately 
Лаг У» 


2 1 3 T. 
where Ium = In other parts of the table interpolation is approximately linear if reciprocals of 


п, and я, are taken, 
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TABLE У. VARIANCE RATIO—continued 


т Per Cent. Points of е"? 


Ход і 


"iN 2 3 2 5 6 8 12 24 @ 
тр 4052 4999 5403 5625 5764 5859 5982 6106 6234 6366 
2 | 9850 99-00 99°17 99:25 90:30 99°33 99°37 99:42 99:46 90:50 
3 | 3412 30°82 20:46 28:71 28:24 27°91 27:49 27°05 26:60 26:12 
4 | 21:20 18:00 16-69 15:98 15:52 (15:21 14:80 1437 13:93 13:46 
5 | 16:26 13:27 12:06 11°39 10:07 т0:67 то 29 989 047 09:02 
6 | 13°74 10:92 978 9:15 8:75 847 B10 772 731 688 
7 | 12:25 955 845 785 746 719 684 647 607 565 
8 | 11:26 865 759 Тот 663 637 боз 567 528 486 
9 | 10'56 8:02 6:99 642 6:06 5:80 547 511 473 431 
то | 1004 756 655 599 564 539 506 471 433 391 
ті | 965 720 622 567 532 507 474 440 4:02 360 
12 | 933 693 595 541 506 482 450 416 378 336 
хз |. Жой 6770. 54 5:90: 45 462 430 396 359 316 
14| 8:86 бг 556 503 469 446 414 380 343 300 
15| 868 636 542 489 456 432 4:00 367 329 787 
16 | 4853 6:23 529 477 444 420 389 355 318 275 
27| Во 6-11 518 467 434 pIo 379 345 308 2°65 
18 828 Gor боо 4:58 425 4°01 37: 337 300 257 
19 | 818 593 зог 450 417: 394 363 330 292 249 
го | S10 585 494 443 410 387 356 323 286 242 
21 802 5:78 487 437 4:04 381 351 317 2 80 2:36 
22 | 794 (572 4:82 431 399 3°76 345 312 275 231 
23 | 788 $66 476 426 394 371 341 307 270 2:26 
24 ува 56: 4°72 422 390 367 336 393 2:66 221 
25 | 777 557 468 418 386 363 332 799 262 217 
26| 772 553 464 414 3'82 359 329 296 258 213 
27 | 768 549 "60 411 378 3:56 326 203 2:55 210 
28| 764 545 457 407 375 353 323 790 252 206 
20| 7:60 5:42 454 404 373 0350 320 287 240 2:03 
30| 7:56 539 45: 402 370 347 317 284 247 гот 
40 T31 518 431 383 351 329 299 266 229 1:80 
бо | To8 498 413 365 334 312 282 250 212. 1°60 
120 | 6:85 4°79 395 448 317 296 266 234 195 138 
х 6-64 460 378 332 3402 780 251 218 179 гоо 


Lower г рег cent. points are found by interchange of лу and из, Ze. ту must always 


correspond with the greater mean square. 
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TABLE V. DISTRIBUTION OF 2—continued 
0:1 Per Cent. Points (Colcord and Deming) 


a І vix 3 4 5 6 8 12 24 © 
Па 
І 6:4562 6:5612 6:6000 6-6201 6:6323 6:6405 6:6508 6-661т 6:6715 6:6819 
2 | 34531 34534 34535 34535 34535 314535 34536 34536 3:4530 374530 
3 | 275591 2'5003 24748 2:4603 2:4511 254446 274361 2:4272 2'4119 2:4080 
4 | 271529 2:0574 2:0143 1:9892 1:9728  1:9612 1:9459 1:9294 1790118 1:8927 
5 | 179270 1:8о71 1'7513 1:7184 1:6064 1:6808 16598 1:6370 1:бї21 1:5845 
б | r'7849 1:6479 1:5828 1:5438 1:5175 1.4086 1:4730 1:4449 174146 1°3783 
7 | 1:6879 1:5384 1:4662 174224 13927 1'3711 1:3417 173090 172721 1:2296 
8 | ї:6177 174587 1:3809 1:3333 173008 112770 1:2443 1:2077 1'1659 1'1169 
9 | 15646 1:3982 1:3160 1:2653 1:2304  1:2047 1'1694 1:1293 170830 1'0279 
то | 1:5232 173500 1:2650 r:2116 1:1748 1:1475 1'1098 1:0668 1-0165 9557 


II | 149009 1:3128 1:2238 1:1683 141297  1'1012 10614 1:0157 "9619 “8957 
12 | 14627 1.2814 1*1900 1:1326 1:0926 10628 т'о213 79733 "9162 "8450 
13 | 134400 1:2553 1716:6 1°1026 1:0614 1'0306 ‘9875  :9374 "8774 "8014 
14 | 174208 1:2332 11376 1'0772 1:0348 19031 9586 ‘9066 8439 (7635 
15 | 14043 1'2141 171169 1°0553 1:0119 “9795 9336 ‘8800 -8147 "7301 
16 | 13900 1:1976 1:0989 1:0362 "9920 "9588 опо 18567 "7891 7005 
17 | 1:3775 171832 1:0832 10105 19745 | "9407 "8927 "8361 ‘7664 "6740 
18 | 13665 т-17о4 1:0693 1:0047 “9590 "9246 8757 "8178 "7462 6:02 
19 | 133567 r-1591 1:0569 9915 19452  :9103 ‘8605 "8014 "7279 6285 
20 | 1'3480 11489 10458 0708 19329 — "8974 "8469 7867 "9115 > "6086 
21 | 1'340т 1'1398 1:0358 9691. "9217 18858 "8346 “7734 10965 "5004 
22 | 133329 1'1315 1'0268 "9595 0116 "8753 "8234 "7612 "6828 15738 
23 | 13264 1"1240 1:0186 оо] 19024 — "8657 "8132 501 ‘6704 5 

24 | 133205 1:1171 rorrr +9427 "8939 8569 "8048 "7400 ‘6589 

25 | 1315г 1:1108 1-0041 +9354 ‘8862 "8489 "7953 "7306 "6483 


26 | тетот т'то$о "9978 19286 -8791 "8415 “7873 ‘7220 "6385 5183 
27 | 133055 1:0097 9920 9223 "8725 — "8346 -7800 7140 ‘6294 5066 
28 | 13013 120047 :0866 “9165 -8664 +8282 77132 7066 "6209 4957 
29 | 1:2073 r'ogor -9815 "9112 "8607 | 8223 "7669 6997 "6129 4853 
39 | r2036 10859 0768 "9061 "8554 +8168 "7610 -6932 ‘6056 4756 


40 | 12672 1:0552 +9431 "Вуот 8174 "9111 1184 6463 ‘5513 4016 
бо | 1124138 r'o250 “0100 8345 71198 "7377 "6760 5992 +4955 ‘3184 
120 | 1:2159 9954 (48773 "7994 -7426 76986 *6338 “5519 438: 42170 
© | 11910 9663 8453 (97648 -7059 16599 "5917 “5044 +3786 о 


+ o 


For high values of лу and па, «(071 per cent.) = За. Lx i 
» (от ре ) cz. os G =®) approximately, 


2- "TI. 1 
where 7s] ж P In other parts of the table interpolation is approximately iinear if reciprocals of 


т and л» are taken, 
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TABLE У. VARIANCE RATIO—continued 


o'I Per Cent. Points of e? 


NS I 2 3 4 5 6 8 12 24 © 
1 | 495284 600000 540379 562500 576405 585937 598144 610667 623497 636619 
2 | 9985 999'0 9992 99972 9093 „9993 9994 9904 9995 9995 
3 | 16770 1485 ї4гї 1471 1346 1328 1306 128:3 1259 1235 
4| 74'14 6125 56:18 5344 5171 5053 4900 4741 4577 4405 
5 4718 3712 33°20 31:09 2975 28-84 27°64 2642 25414 2378 
6 35°51 2700 2370 21:02 20°81 2003 19:03 1799 16:89 1575 
7 20:25 2169 18:77 1719 16:21 155527 TEHO 13273 125137 21760. 
8| 2542 1840 1583 1439 1349 1286 1204 1119 10:30 9°34 
9| 22786 16°39 1390 12:56 1171 TITS 10/27 10:57 9 Ba 0:8 
10 21:04 14:91 12:55 11:28 10:48 9:92 9:20 845 764 676 
II 10:б) 13'81 1150 1035 | 9:58 9:05 8:35 7°63 685 боо 
12 | 18:64 1297 10:80 9:63 8:89 838. 771 тоо 6-25 542 
I3]! TST стази тоат бот 8:35 558077 7521. 70:52 518 4:07 
14 | 1714 1г78 973 862 792 743 68o 613 541 4:60 
15 | 16:59 1134 934 825 | 1:57 тод 647 58: 510 431 
16 16:12 1097 ооо 794 727 68: 619 555 485 406 
17 15:72 10:66 873 768 тог беби. 506. 542. "4:64 7385 
18 | 1538 то 39 849 7746 6:81 635 576 513 445 367 
19 15:08 1016 8:28 (726 662 6-18 5:59 497 429 352 
го 14:82 995 810 уто 646 6:02 544 482 415 338 
at | 1859 977 794 " 6:95 з 6'32 588 53: 470 403 326 
22 14:38 9°61 уво 681 6:19 5:70:7 БО ОИ ака 
23 | 1419 947 767 669 608 565 | 5:09 448 382 305 
24 | 1403 934. 755 659 | 5:98 555 499 439 374 297 
25| 1388 922 745 649 588 546 4:91 431 0366 289 
26| 13:74 912 736 бар 580 538 483 424 359 782 
27 | 1361.9 0102 127 633” 578 531 476 417, 382 | 2:75 
28 1850 893 719 625 566 Pa: 460 ^ FA 115 23:46 722570. 
29| 1339 885 712 619 559 518 464 405 344: 264 
30| 1329 877 195 бїг 553 512 458 400 336 259 
40 табу 8:25 660 2970 513 473 еа 364 зө: 2:23 
бо |- що 436 20:17 | 5:31 "ЛО ы FIR 38) 9331 13:60: 1:00 
„ 120 1138 732 5179 495 442 404. 355, 302 240  r54 
© 10°83 6:91 542 462 *41o ЗИ. атамана Баз гоо 


Lower огт рег cent. points are found by interchange of пу and па, ќе. пу must {аў 


correspond with the greater mean square. 
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TABLE Мі. SIGNIFICANCE OF DIFFERENCE BETWEEN Two MEANS 
(P. V. Sukhatme) 
т o? 157 зо? 457 бо? 75° 90? 
5 per cent. points 6 | 2:447. 2:440... 2'435 2:435 21435 Boro 21447 
8 2447 2:430 2:398 2:364 21331 21310 21306 
= 12 2:447 2:423 2:367 2°301 2:239 2.193 2:179 
24 2:447 2:418 21342 2:247 2:156 2:088 21064 
о 2:447 21413 2:322 *201 2:082 1*993 1*960 
6 2*306 21310 21331 21364 21398 2430 2°447 
8 2:306 2:300 2:204 2:292 2:294 2:300 2*306 
па = 8 12 2:306 2:292 2:262 2:229 2:201 2:183 2:179 
=“ 24 2:306 2:286 2:236 2:175 218 21077 2:064. 
oo 2.306 2:281 2:215 2:128 2:044 1'982 1-960 
6 2:179 2 193 2:239 2*301 2:367 2*423 
8 2:179 2 183 2:201 2:229 2:262 2:292 
Па = 12 12 2'179 2°175 2:169 "167 2:169 21175 
24 2:179 2:168 2:142 2:112 "085 2:069 
о 2.179 2:163 2120 2'064 2'о11 1*973 
6 2*064 2:088 2:156 2:247 2:342 2:418 27447 
8 2'064 2:07) 2-118 2'175 2:236 2.286 2*306 
Ng = 24 12 2'064 2:069 2:085 29112 2142 2:168 2:179 
Р 4 24 2'064 2:062 2:058 056 2:058 2"062 21064 
o0 2:64 21056 2:035 2:009 1:983 1*966 1:960 
6 1:960 1*993 2:082 2*201 2:322 2*413 2447 
8 1*960 1:982 2*044 2128 23215 2:281 2*306 
по = 00 12 1*960 1:973 23011 2*064 2*120 21163 2*179 
24 1:960 1*966 17983 2:009 2*035 2'056 2:064 
oo 11960 1:960 1:960 1:960 1:960 1:960 1'960 
1 per cent. points Go| атол 13654 а 85-057. За . 355 0 GA 3" 
8 | 3707 3643 3495 3363 3:307 3:328 à 
ity = б 12 | 3707 3:636 3453 3:246 3104 37053 3" 
24 | 37797 3:631 3424 3158 2:938 2:822 2: 
со 3:707 3:626 3402 3'093 2:804 2:627 2* 
6 | 3:355 3:328 37307 3303 3495 3643 3707 
4 8 | 3355 — 3316 — 3239 4206 3239 36 37355 
т — 8 12 3355 37307 3192 3083 3032 3:039 37055 
24 3355 3301 3'158 2:988 2:862 2:805 2:797 
Бо: 197355 37295 3132 2:916 2°723 2:608 2:576 
Ё 37955 37053 3104 3:246 3453 3:636 3:707 
mai 3'055° 37039 E ЫЗ ШЫ оз | 330) 3355 
2312 Е3 | 8:555"14 08-929 2:078 2954 2:978 37029 3055 
24 3955 3:020 21038 2:853 2:803 2*793 2:797 
чо |53:055 3'014 2:009 27115 2:661 2*595 2:576 
і 1197 У 2938 3188 | 4243-631 37707 
VIEN р 7191 2:805 2:862 2:988 3158 3'301 3:355 
i 27797 27793 2:803 2:853 2:938 3:020 3:055 
23-0 АО 2"785 27159 27747 2:759 2:785 2:797 
22223291 217 27726 2:664 2:613 21585 2:576 
E pu AT EL UD M TN MEE 
тъ = co СИИИ ОБСЕ 3405-3355 
2 ums ага 2.595 2:661 2:775 2:909 3014 3055 
24 2:576 2:585 2:613 2:664 2:726 2377 2:797 
© | 256 25506 2506 2506 2506 2556 25516 


Е гэг ыу у. 


à 
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TABLE V2. SIGNIFICANCE OF DIFFERENCE BETWEEN TWO MEANS 
One component of error distributed normally, the other in Student's distribution 
P 2 СА 094) | то? 20? зо? до? 50° бо? чо? 80°  9o*(a) 
то r812 1:808 17094 1774 1749 721 1693 1668 1651 1645 
12 15782 1778 F767 11517 F730 r707 r684 1:664 1'650 r645 
15 L753 1:750 1:)41 1728 гум 1.693 1675 1:659 r649 1045 
то per cent. 20 1725 r722 1716 r7o6 1-694 1:680 1:667 1:656 1648 1645 
зо 1697 1696 r692 r685 r677 1668 1:659 1'652 1647 r645 
бо r671 1670 1668 r665 r66r r656 r652 r648 1640 r645 
oo 1645 1645 1045 r645 1045 1:645 1645 1645 1645 1645 
то 2:228 2:219 2:194 215] 2112 2:066 2:024 1989 1967 1960 
12 2:179 27171 2'I51 2120 2:083 2:046 2:011 1:984 1:966 1:960 
І5 23131 2:126 2109 2085 2056 2:026 1999 1978 1965 1960 
5 per cent. 20 2:086 2:082 2:069 2051 2'030 2:008 1'989 1973 1963 1960 
3° 2:042 2:039 2041 2010 2'005 1.901 1978 1968 1962 1900 
бо 2:000 1:999 1:995 1989 1:982 1.975 1969 1'964 1961 r96o 
oo 1960 7960 r960 1960 1:960 1960 r960 1'960 1'960 1960 
10 2:764 2:748 2704 2637 2559 2481 2414 2364 2335 2326 
12 2681 2668 2631 2576 2513 2:450 2:396 2:356 2334 2326 
15 2:602 2:592 2:563 2'520 27470 2:421 2:379 2349 2332 2326 
2 per cent. 20 2528 2:520 2498 2466 2430 2:394 2:304 2:343 2330 2'326 
3o 2457 2452 2438 2417 2393 7370 2351 7337 2329 2326 
бо 2:390 2:388 2:380 2:370 2:358 2:347 2338 2331 2328 2326 
oo 2:326 2:326 2:326 2:326 2:326 2:326 2:326 2:326 2326 2320 
10 3169 3148 3086 2993 2883 2775 2684 2620 2586 2:576 
12 3055 3037 2985 2909 2:820 2733 2:661 2611 2584 2576 
15 2:947 2:932 2:802 2831 2762 2:695 2:640 2:603 2582 2'576 
1 per cent. 20 2:845 2835 2'804 2760 2709 2-661 2:622 2:595 2:580 2'576 
зо 2-750 2:743 2:723 2693 266I 2:640 2:605 2:588 2:579 2'576 
бо 2:660 2657 2647 2632 2616 2601 2550 2:582 25577 2576 
со 2:576 25576 2:576 2:576 2:576 2576 2576 2:576 2:576 2:576 
10 $581 3553 3473 3350 3203 3:058 2939 2'859 2818 2:807 
12 3429 3405 3338 3237 3119 3:003 z910 2:848 2816 2807 
15 3286 3267 3214 3134 3042 2:954 2:884 2838 2814 2807 
0*5 per cent. 20 3153 3139 3099 3040 2974 zorr 2:861 2:829 2:812 2:807 
30 3030 3020 2994 2'955 2'912 2:872 z841 2821 2810 2807 
60 2915 2910 2:897 2:878 2857 2:838 2823 2'814 2'809 2:807 
oo 2:807 2:807 2:807 2:807 2'807 2۰807 2:807 2:807 2807 2807 
10 4144 4106 3999 3832 36030 3425 3259 3152 3103 3000 
12 3-930 3898 3809 3:671 3508 3347 3219 3138 3100 3000 
15 3733. 3708 3636 3528 3491 3280 3185 3126 3098 3000 
ог2 рег cent. 20 3552 3533 3479 3309 3308 3222 3156 3116 3096 3000 
x 30 3:386 3372 3336 3284 3226 3172 3131 3106 3004 3090 
бо 3232 3225 3207 3181 3153 3128 3110 3098 3002 3000 
[re] 3090 3'090 3090 3000 3090 3090 3000 3000 3000 3090 | 
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THE CORRELATION COEFFICIENT 
Values of the Correlation Coefficient for Different Levels of Significance 


_ For notes see foot of opposite page. 
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TABLE VI. 
n "Y 105 "02 “от "ool г 6 -1 "05 "02 “от “оо 
т | “98769 ‘99692 1909507 9909877 ‘9999988 | 16 | 4000 ‘4683 “5425 5897 ‘7084 
2 90000 “95000 “08000 -990000 ‘99900 17 | “3887 “4555 75285 "5751 6932 
3 | "8054 8783 “93433. "95873 "99116 18 | "3783 “4438 “5155 15614 +6787 
4 "1293 | "8114 "8822 -91720 — "97406 19 “3687 "4329 "5034 "5487 6652 
5 "6694 | "7545 "8320 "8745 “05074 20 | "3598 422) 4021 +5368 ‘+6524 
6 +6215 “7067 7887 "8343 "92493 25 *3233 "3809 "4451 "4869 -5074 
7 "5822 "6664 (“7498 | "7977 “8982 30 | "2060 "3494 "4093 3 
8 15494 | "6319 "7155 — 77646 +8721 35 "2746 ‘3246 +3810 
9 "5214 ‘6021 | "6851 -7348 "8471 40 "2573 "3044, "3578 
то | “4973  :5760 658 т "7079 "8233 45 | "2428 “2875 +3384 
11 “4762 *5529 6339 *6835 "вото 50 “2406 "2732 "3218 
12 "4575 ‘5324 "6120 -6614 +7800 60 "2108 “2500 +2948 
13 "4409 | "5139 | 5923 "6411 | "7603 7° 11954 ‘2319 ‘2737 
14 "4259 :4973 "5742 "6226 "7420 Во "1829 "2172 2565 
15 #4124 0 "4821 “5577 "6055 77246 до “1726 “2050 "2422 
100 "1638 "1946 2301 
TABLE VIT. Transformation of 7 to г (Interclass) 
8 "оо гот "02 +03 04 “оз “06 +07 +08 “од той 
чо | "0000 0100 ‘0200 ‘0300 одоо “0500 0599 ‘0699 S ў “0898 тоо 
er "0997 “1096 "1194 ‘1293 ° 1391 *1489 71586 "1684 “1781 “1877 98 
"2 | "1974 "2070 | "2165 0 "2260 (2455 "2449 ‘2543 "2636  :2729 "2821 94 
ES | 2913 53004 "3095. "8185 "3275 || :3364 ‘3452 | "3540 | "3627 | "3714 89 
"4 | ‘3800 "3885 | 3969 | "4053  -4136 | "4219 | "4301 | "4382, 4462 | "4542 82 
15 | "4621 +4699 CL ‘4854 — "4939 "5005 “5080 +5154 "5247 ‘5299 | 7 
6 | "8310 "5441 55511 +5580  -5649 -5717 -5784 | 45850 | "5915 5980 68 
“7 | "бо44 -6107 "6169 | "б231 +6291 "6351 | "бдтт . "6469 652) | "6584 бо 
"8 oe 76696 ‘6751 -6805 | "6858 "6911 "6963 ‘7014  :7064 +7114 53 
i d я Бэ 17259 51306 «7352 57308 47443 97487 “7530 "7674 | 46 
г 5) . . “л D 
= Л т З 5 "7699 7739 7779 | 27818 + +7857  :7895 +7932 -7969 39 
005 041 8076 “8110 8144 "8178 ^ 48210 - 18243 -8275 | "8306 33 
жа | +8337 — 836) 8397 18426. "S455 | -8483 -8әш 418538 7 8565  -8: 28 
I'3 iu "8643, :8668 -8692 8717 ‘SAF "8764 -8787 “8810 24 
14 54 "8875-8896 "8917 48037 | "8957 -8977 "8996 — “0015 ко 
1: Е А 3 к 
23 ЫН 222 E 9104 дәт 19138 — *9154 ‘9170 9186 17 
923 924 *926т “9275 "9289 “0302 "9316 ‘9326 І 
1:7 | "9354 9366 = . 2379 2 
SA 93 9379  :9391 9402 79414 9425 9436 0447 12 
та 4081. 104183 -94884 -04083 "9500 -05175 95268 "95359 05440 95 
2 2 2. E B 5 я З 
Е; 2 4 цэс 95792 "95873 "95953  -96032 “06100 +06185 “06250 79 
г. е о . . 3 5 
2. “99403 790473 "96541 -96609 -96675 | "96739 .:96803 -96865 *96926 65 
97045 "97103 “97159 -97215 +9726 . 5 N "i ЯГ 
E re 9 797323 97375 797426 °97 53 
4 797622 +07668 "97114 ° ? 5 я 
23 | "98ото “08049  -98087 98124 ща am Oo MM 
пада : 799161 — "98197 “98233 08262. -08 +98. 6 
А 32i ik : 3 33 198207. :983or :98335 | 3 
2 "i Ps 98431 98462 -9Rga -98522 08551 -98579 -98607 “98635 | зо 
h 29509149) "98714 “98739 "9876, 98788 - Ё 
26 | -98903 98924 -98945 Хоол Bus 9 78 98812 08835 "98858 -98881 24 
2:7 | "99101 “00:18 “00:36 - 99997 "99007 "99026 “00045 00064 “00083 | 20 
218 | 799263 -99278 біз Ж 199179 — "99186 1990202 199218 ‘99233 ‘99248 | 16 
« О! е . . 2 
2.9 | 299396. "00408 · р 199399 199320 — :99333 "99346 -99359 -99372 "99384 | 13 
994 99420 ‘99431 "99443 | о 
3 1994547 "99464 "99475 "99485 -99495 | 11 
© ы E f, кои зви я р 
3 "4 "5 "6 dra -8 E 
9 
3 | 799505 799595 -99668 -99728 - . . Г 
4 | 199933 09045 ‘00955 "еа 29017 199818 99951 "99878 99900-99018 | — 
: 2991 99979 "99975 “99080 "99983 “00086 “00080 | — 


TABLE VIII. TESTS OF SIGNIFICANCE FOR 2X2 CONTINGENCY TABLES 


Calculate x,, the square root of у? corrected for continuity (Fisher, Statistical Methods, 21.01). Determine 
the smallest expectation 
the smallest marginal total ==“ 

The table gives the 2-5 and o's per cent. points of x, for each tail separately, these being different for the 
two tails except when р = o's. The observed set of values will lie on the longer tail if the observed number 
in the cell with smallest expectation is greater than expectation. 

Since three of the four marginal totals are independent their values are not completely determined by 
mand р. For a given m and there is a whole set of contingency distributions, and a corresponding set of 
values of х, for each level of significance. The variation of these x, is, however, small. The table gives the 
greatest and least values, ќе. those for the binomial distribution (Roman type), and the limiting contingency 
distribution (black type). When 2 = o there is only one value, this being derived from the Poisson distribution. 

The table оа always Бе used in place of the ordinary x? table when #7 is less than то. Even, with 
values of уп as great as тоо the gain in precision is appreciable when 2 is small and the interest centres in the 
probability of a single tail (ќе. deviations in one direction only) The correction for continuity should be 
used when zz is less than 500. » 

In regions of the table where no values are given, and to determine the exact probability in doubtful cases, 
the exact solution (on which this table is based) must be used (Fisher, Statistical Methods, 21.02). 

The table can be used for testing the deviation of a sample of a binomial distribution with known 7. 
Remember to include the contributions to x? from both classes when calculating ха. 


т = the smallest expectation of any class, and р = 


P = "025 5 з о d sis .. r68.r7r гу4 ку г8: r86 r89 гот 


Shorter tail. : 0'25 Зол 2113 кур тво 182 184 187 rgo ror 193 
1:83 185 186 1:87 189 rgo 1'92 1'94 194 


o5 wis .. 188 гоо гот гог 193 194 195 1:96 196 
rox 193 194 194 194 195 ros 195 196 196 


Longer tail . 9:25 210 2:08 то) 2:06 206 205 204 202 201 200 199 
2-04 203 202 2:02 оог: 201 200 199 199 198 1:97 


о 2:32" 224 219 216 214 213 211 2:08 2:05 2013 201 
P = :005 5 . о гд TH A. s. 206 213 219 227 237 243 248 
Shorter tail  . 2 0:25 NS Ёс. in 2:18 223 2:27 232 238 245 249 252 


232 236 238 242 246 250 252 254 


os ... ... а. Z41 244 247 250 252 255 2°56 257 
248 2550 252 253 254 2:55 256 257 257 


Longer tail . л 0:25 2-79 279 278 276 2°75 2°73 212 270 267 264 2:63 
2-67 2'67 261 z67 266 266 265 264-263 2'62 2:бо 


о $33 313 305 297 295 2:92 288 283 276 2:70 267 


Notes on Tables VI and УП. 


For a total correlation, » is 2 less than the number of pairs in the sample; for a partial correlation, the number 
of eliminated variates also should be subtracted. The probability given at the head of each column of Table VI represents the 
chance that 7 will be greater than the values given or less than minus these values. 

Table VII gives the transformation 7 = (c9 —1)/ (874-1) or є = $ (log, (14-7)—log, (1—7)). With л defined as above 2 is 
distributed approximately normaily with variance т/(и—1). For exact work correct for bias іп 2 by subtracting #/2(и-- т) from z. 

The table is also sometimes useful for transforming the probability scale, being equivalent to а = $ (log ?—log (1—2)) where 
r—2p—1. (See Introduction). ` Р 


TABLE VIIIr. BINOMIAL AND POISSON DISTRIBUTIONS: LIMITS OF THE EXPECTATION 
(Based on W. L. Stevens) 
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| р = | Probability P of a or more Probability Р of а or fewer E Probability Pofaor more Probability P of mex 
а|М aN | 905 ‘025 ч ч +025 "005 а |aN "005 "025 ч 51 025 "005 
ој 5(2) |For a=o, т РЫМ 1:84 2°61 3:27 8:1:1755 3'04 394 509 Io'or 
(15) | is the greatest prob. r95 2°83 3:66 4 2-92 382 4°98 1135 
то (1) | ability allowable. 206 309 ды | “3 2:82 3:72 489 1177 
20 (05) 217 3:37 465 | E 273 362 480 12:18 
© o 230 369 530 ч 2:65 3:53 473 1259 
га “0050 ‘0252 ‘103 1:897 170748 179950 3 ОЕЕО 1x99 
3 “0050 ‘0252 '104 2413 27171 218758 9 |: 5 | 368 468 502 12:08 
4 “0050 "0252 “104 2:718 3224 3°556 | "4 | 355 454 5180 12:52 
5 *2 "ообо "0253 "104 2:92 3°58 4097 | 2 ee 18: са чено 
"15 | ообо "0258 "105 314 (399 469 | л | раа 421 551 1319 
то ч "ообо 10253 "105 337 445 544 о ЭЭ 41а 543 142: 
20 “05 | "ообо "0253 ‘105 362 497 684. | 5 y 
са с о Dues УВО ест F430) ||, 435 544 676 134 
‚ 4°20 121 "63 13694 
214 5118 тато "570 3430 3730 3:882 | us | 4:06 БН 6:51 ui 
5 114 ‘264 "561 377 4207 4586 2 393 502 641 1450 
6 "112 +260 "556 400 467 5:138 т 382 4:90. бзї 1499 
7 UXIO табу 7552 417 497 | 554 о 372 480 622 ї541 
8:25 | ошо 255 0549 431 $21 594 | Ks 
то "2 «108  :252 "545 450 | 5:56 6:48 9 5 p 
"15 | зо] 1249 "542 4:69 594 709 Ё ЇЕ 
z0 1 | ‘106 +247 03538 490 634 0774 Eg Eae 
40 соз | “105 1246 ‘535 уп (677 844 eet iss 
со о І . . а a О 5 
j o3 ‘242  '532 532 (722 9:27 о | 11:86 
3 1308 "709 гот 479 5201 5 бог 16 | 5 | со 
7 "381 “693 119 505 571 || 81 5 Ded 
8 "380 682 тїр 524 бол 6:642 “3 | +079 
9 237477 O74 ТИ 51305 16:31 — (7:03 «а | +117 
то 3 253707 466]; 4516:77 вера; (беа 1:35 ug +52 + 
15 *2 | +358 ‘650 114 589 тот 84: о | 41:87 НДИ 
30 "т | "348 “634 112 628 7:96 9'61 ҮН» 
со о | "338 ‘619 тло 6:68 877 10:98 go ess corra "44 10'44 T o3 
4| 8 55 | “799 126 192 608 674 тог 4 шаа зог Ee а. 
то "4 | "768 г22 188 646 7:38 8-091 *2 | го o7 702 1 25 
"3 | "щі гі8 r84 6:83 8:04 9:06 or || Letra RUP no ња 
зора" ILO ETS CRBS ад - 873 и 10:13 о | 4-1:88 --о:07 ЗИ а -08 
40 СІ "694 112  r77 160 947 їгзї 3 
© о 672 год 174 799 1024 12:59 кај moss RO M 3 
: б | 0-12 я 5 -o 
519 “5 1:28 187 267 733 813 872 5 +0"57 Tow me 78 r37 
4 Ёс ын d ie 879 9:66 "а | гот 1042 —o-04 Hog +1737 190 
25 "2 E x Pu 846 i638 зу Е ne +069 --огод +109 +1769 244 
x 5 о . 7 Lo: yore +2 1-298 
Sow rU ат 166 24] “ 8:88 тоот e oo 5 : чие. i 5 on | a 
со o 108 1:62 2:43 927 11:67 1415 . --0:50 —0°50 —o'50 50 -| 0750 1050 
“4 | —oroz —o21 —0:36 --о:64 --о:79 +0°98 
612. “5 | 1:83 253 346 8:5 3 . +o б ? я “08 
3 4 947 1017 3 0:45 +0:08 —o'21 +079 -Fro8 1°45 
i ја ДА 25 538 8-95 10:16 11°16 418995 З-ог37 --0:07 оз 137 981793 
3o "2 fü 23 ода 935 1086 12°19 I|-r4o {066 -Ро-о7 год 1°66 1240 
бо *1 zi ae Час шиг 11:57 13:28 о | +188 0-95 Lor гот 41:95 +28 
| s "I4 1230 14°44 
o o 1'54 | 220 315 То: 13:06 66 А 
ducc QS. 53 13 15 ГЭВ, 5 m of the кошу оЁ ап rene а на 5 
. 2 9-74 1o Ё ceu corresponding to a given probability level 2, 
A SR ISS EF Зэн ind e пас the tabulated values by WV, first чыр а if ас Бу 
*3- 2:24 00 303 408 тоб тозо l | epu s with reference to р = a/N. The limits of the 
35 "2 | 216 295 4:02 10:07 12:93 ЇЕ 4 Por a шигээ eres н vie жее», xL 
2 . т able wii = N—a. > the 
то сі |210 288 396 1137 1367 15:92 рш corrections to the limits of the E A а from 
© o |zo4 28r: 3°89 1177 1442 1713 | ai xp error v/(a(1—2)), using asymptotic interpolation on 


та 


o c № 


TABLE VIII2. 


DENSITIES OF ORGANISMS ESTIMATED BY THE DiLUTION METHOD 
(W. L. Stevens) 


Two-fold Four-fold 
за 
Number of Levels (5). II or Number of Levels 
& 4 5 6 7 8 9 то more бог 
a eS х- 4 5 more 
o4 F чува 3713 008: “785 “787 “788 “789 “789 е 
об +622 "бло "649 "653 ‘655 +656 +657 "657 o4 «тод ‘706 "707 
o8 | 5537 1556 1566 -571 “578 “574 “575 “575 o6 | ‘615 "617 "618 
го "479 “500 “SIX “516 “518 "520 “520 "521 o8 2573955201055] 
на | 437 "461 1472 418 7480 7482 1482 "483 : ; Ў Р 
r4 | +406 зада “444, 455 5453 7456 450 “456 а Rak EN 
16 | +381 >т "424 743i 7435 7436 7437 "438 ES nE 28 МЭ 
18 | “361 "394 "410 "417 7421 "423 7424 043 о о 
so | +344 1382 1300 7408 +412 "414 ‘415 1416 
25 358 "382 "394 “399 1402 "493 7405 55527, 
yo +370 7386 1394 "398 "400 7402 7 
35 :379 5290) 5490: 1399, 2221 35 2255 
ро | +386 “394 "397" 7491 зо “548 
„5 “300 "396 "401 2:5 '548 545 
5:0 "394 7401 20 5537: 75377537 
x r5 -522 ‘522 "522 
401 го +488 +488 "488 
у 
то 1399 o8 "464 1464 "464 
бе 397 об | *431 1431 1431 
50 "394 "394 o4 "315 1315. "375 
45 -390 1390 390 5 
фо -386 +386 “386 ‘386 y 
35 “379 1379 “379 "379 "379 Calculate the mean fertile level x, and 
aro *370 "370 1370 "370 1370 "379 | the mean sterile level y, where « is the 
2*5 +358 "356 “356 7356 356 7356 7356 number of fertile plates/number of cul- 
zo | "зад. ‘334 "334 "334 '334 1334 7334 "334 tures at each level (п), and wy is the 
number of levels. Enter the table with a 
r8 -32] 1323 7323 "323 '323 ‘323 323 "323 or y, as indicated, and determine the 
r6 «311 ‘309 "309 "309 “309 309 “399 "309 | corresponding value of the tabular entry 
v4 “203 :292 “202 "292 '292 '292 7292 "292 К. When x and y fall outside the 
Su айт чал ойт [уот C TE E tabulated range use the value marked 
гр *245 1245 ‘245 "245 7245 7245 1245 "245 with an asterisk (*). The estimate of the 
о-8 „ата бола тата: 5218 таја '212 1212 212 number, А, of organisms in the quantity of 
5:6 +167 +167 167 ‘167 “167 -167 ‘167 ‘167 the medium used for one culture at the 
04 „тет ечат стоти ctor слот "КОД сто O highest concentration 15 then given by 
e) log X= x log а—А, where а 15 the 
dilution factor. The average value of the 
i Р 5 . 110 2 
ae = ipn Шш а ые 2015, - м variance of themean fertile level is Se E: 
MS ЕЕ | and the average value of the variance of 
E K ej | иа MET Да 2 log A із = log 2 log a (see Introduction). ` 
! — п 
| 6 6 5 Thus: 
| <o | 763 | го | "76: | zo | 744 | го 
т | -768 | "9 || “766 | го | "744 | 99 Two-fold 
+2 | +768 | 58 || “764 | r8 || "734 o'8 log A  -ogorogx—AX 
a3 | забо | 7 || “755 | 17 7712 ет ro кз 
o4 | "761 “4 | 147 | 26 | “741 1-6 || -684 | o6 Fog 3) = обой 
es | 740 || “5 | "736 | 75 | "729 | FS || -658 | 0:5 
56 | +733 || 6 | 3133 | 74 | 724 | та (20381 ош Four-fold. 
от | 1736 || "7 (17736 | “3 “726 | 13 log А =o:60206 «—K 
о8 | 44: | 8 | ма | ^2 || 732 | F2 V) таи 
o9 | '753 | "9 | "753 “739 | гт Vlog X) = огоци 
: 2 5 456 и Я "о 
о Ten-fold. 


When 4>1 and y>2 enter the table with the decimal part of = 


or y only. 


57 


log Aat 
V(x) = o 301/7 


> 


TABLE VIII3. SIGNIFICANCE OF LEADING PERIODIC COMPONENTS 


5 1 5 т 5 т 
п per cent. per cent. n per cent. per cent. n per cent. per cent. 
5 | “68377. “78874 20 27040 — "32971 35 "11513 21338 
6 "61615 "72179 21 *26060 "31793 36 “17124 "20860 
7 «86115 — 166440 22 "25155 "30683 37 “16754 — "20405 
8 "51569 "61517 23 “24315 ‘29661 38 *16400 | "19970 
9 “41749 "57271 24 "23534 | "28709 39 *16062 | “19554 
то "44495 | "53584 25 “22805 9 40 15738 — "19156 
її «41688 — "50357 26 "22123 "26986 41 *15429 “18776 
12 “30240 . "47510 27 “21483 ‘26205 42 "15132 | +18411 
13 “37085 "44982 28 “20883 | “25470 43 "14847 "і8обо 
14 "35172 | 742722 29 20317 | "24778 44 "14573 (17724 
15 -33461 "40689 зо "19784 — 24124 45 "14310 | 317401 
16 "31922 38851 31 “10280 23506 46 "14057 ‘17089 
17 "30529 | "37180 32 *18803 22921 41 "13814 | "16789 
18 сі 2 "35655 33 «18351 "22366 48 113579 | "16501 
19 год "34257 34 "17921 "21839 49 "13353 | 16222 
20 *27040 132071 35 "17513 | 21338 50 "13135 "15954 
м | 


Table of g; for testing the significance of the leading periodic component of 24-1 or 274-2 consecutive 
values. Each of » periods contributes а certain fraction to the sum of squares for all я periods, and g is 
taken to be the largest of these fractions, If this exceeds the corresponding tabulated value, significant 
cvidence of periodicity is indicated, 


су 
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TABLE VIII4. THE NORMAL PROBABILITY INTEGRAL 


х о І 2 3 4 5 6 7 8 9 
= 

"4 оо о 50000 49601 49202 48803 48405 48006 47608 47210 46812 46414 
| е от 46017 45620 45224 44828 44433 44038 43644 43251 42858 42465 
» o2 42074 41683 41294 40905 40517 | 40129 39743 39358 38974 38591 
o3 38209 37828 37448 37070 36693 | 36317 35942 35569 35197 34827 
| | од 34458 34090 33724 33360 32997 32636 32276 31918 31561 31207 
o5 30854 30503 30153 29806 29460 29116 28774 28434 28096 27760 
| o6 27425 27093 26763 26435 26109 25785 25463 25143 24825 24510 
ом ре 24196 23885 23570 23270 22065 22663 22303 22065 21770 21476 
o8 21186 20897 20611 20327 20045 19766 19489 19215 18943 18673 
о'9 18406 18141 17879 17619 17361 17106 16853 16602 16354 16109 
15866 15625 15386 15151 14917 14686 14457 14231 14007 13786 
! 13567 13350 13:36 12024 12714 1250) 12302 12100 11900 11702 


о 
І 
2 11507 11314 11123 10935 10749 10565 10383 10204 10027 98525 
53 о'о 96800 95098 93418 91759 90123 88508 860:5 85343 83793 82204 
4 80757 79270 77804 76359 74934 73529 72145 70781 69437 68112 


r5 66807 65522 64255 63008 61780 60571 59380 58208 57053 55917 
r6 54799 53699 52616 51551 50503 49471 48457 47460 46479 45514 
r7 44565 43633 42716 41815 40930 40059 39204 38364 37538 36727 
r8 35930 35148 34380 33625 32884 32157 31443 30742 30054 29379 
го 2871) 28067 27429 26803 26190 25588 24998 24419 23852 23295 


о 22150 22216 21692 21178 20675 20182 19699 19226 18763 18309 
І 17864 17429 17003 16586 16177 15778 15386 15003 14620 14262 
2 13993 13553 13200 12874 12545 12224 11911 11604 11304 11011 
3 10724 10444 10170 99031 96419 93867 91375 88940 86563 84242 
4 | œo? 81975 79763 77603 75494 73436 71428 69469 67557 65691 63872 


2:5 62097 60366 58677 57031 554260 53861 52336 50849 40400 47988 
2:6 46612 45271 43965 42692 41453 40246 30070 37926 36811 35726 
2:7 34670 33642 32641 31667 30720 29798 28901 28028 27179 26354 
2:8 25551 24771 24012 23274 22557 218бо 21182 20524 19884 19262 
29 18658 18071 17502 16948 16411 15889 15382 14890 14412 13949 


3o 13499 13062 12639 12228 11829 11442 11067 10703 10350 10008 
3:1 | 0:03 96760 93544 90426 87403 84474 81635 78885 76219 73638 71136 
32 68714 66367 64095 61895 59765 57703 55706 53774 51904 50004 
33 48342 46648 45009 43423 41889 40406 38971 37584 36243 34946 
34 33693 32481 31311 30179 29086 28029 27009 20023 25071 24151 


23263 22405 21577 20778 20000 19262 18543 17849 17180 16534 
15911 15310 14730 14171 13632 13112 12611 12128 11662 11213 
10780 10363 99611 95740 92010 88417 84957 81624 78414 775324 
oot 72348 69483 66726 64072 01517 59059 56694 54418 52228 50122 
48096 46148 44274 42473 40741 | 39076 37475 35936 34458 33037 


№ ou AUN 


31671 30359 29099 27888 26726 25609 24536 23507 22518 21569 


40 

ФІ 20658 19783 18044 18138 17365 16624 15012 15230 14575 13048 
42 13346 12760 12215 11685 11176 10689 10221 97736 93447 89337 
4:3 | œo 85399 81627 78015 74555 71241 68069 65031 62123 59340 56675 
44 54125 51085 49350 47117 44979 42935 40080 39110 37322 35612 
45 33977 32414 30920 29492 28127 26823 25577 24380 23249 22162 
46 21125 20133 19187 18283 17420 16597 15810 15060 14344 13660 
47 13008 12386 11792 11226 10686 10171 96796 92113 87648 83391 
4:8 | 0:06 79333 75465 71779 68267 64920 бізі 58693 55799 53043 50418 
49 47918 45538 43272 41115 30061 37107 35247 33476 31792 30190 
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TABLE ТХ. PROBITS 
Transformation of the Sigmoid Dosage Mortality Curve to a Straight Line. (C. I. Bliss.) 


oo от 0-2 o3 од o5 o6 o7 o8 o9 ааа. 5 


.. 0159098 2:1218 2:2522 73479 24242 24879 2:5427 75911 2:6344 
2-6737 277096 2°7429 2:7738 28027 28299 28556 278799 29031 2'9251 А | 
29463 29665 29859 30046 3:0226 ўодоо 3'0569 3'0732 30890 31043 | Formoe дом 
31192 31337 31478 31616 3:1750 31881 3'2009 3:2134 32256 3'2376 ше ro ME 
32493 32608 32721 32831 32940 33046 33151 33253 33354 33454 


33551 33648 3:3742 3:3836 3:3028 34018 34107 34195 34282 34368 | 9 18 27 36 45 
34452 34536 34618 34699 3:4780 34859 34037 35018 335091 35167 8 16 24 32 4o 
3:5242 35316 35389 3'5462 3:5534 35605 35675 35745 375813 3'5882 7 14 21 28 36 
3:5949 3:бо16 36083 36148 36213 36278 36342 3:0405 30408 3°6531 6 013 19 26 32 
36592 36654 3:6715 3:6775 36835 3'6894 376953 3:7012 3:7070 37127 6 12 18 24 30 
37184 37241 37298 37354 37409 337464 3:7519 3:7574 37628 3 7681 6 м 17 


37735 37788 $7840 3:7893 3:7945 37996 3:8048 3'8099 3:8150 38200 | 5 10 10 21 
3:8250 3:8300 3:8350 3:8399 338448 38497 3:8545 3'8593 38641 3:8689 | 5.10 15 20 
5 
+ 


о =з on sarn o| 


"Bu 
омно 


3°8736 3:8783 38830 3:8877 38923 38969 3:0015 3:0061 3:0107 3'9152 
39197 3'9242 3'9286 39331 3:9375 3'9419 3'9463 3:9500 3:9550 3'9593 
3'9636 $9678 3:0721 3:9763 3:9806 3'9848 39890 3:9031 3:9973 40014 | 4 
40055 40096 40137 40178 4'o218 40250 4'0299 40339 470379 4'O419 | 4 : : 
40458 40498 4:0537 40576 40615 40654 40693 4:073! 40770 40808 | 4 8 12 16 19 
dU d 
4 


He n 
an + 


= m 
бо ст 


4°0846 4'0884 4'0922 4г0960 40998 41035 4'1073 фїїї0 41147 411184 
41221 41258 4'1295 4'1331 41367 4'1404 41440 41476 4" 1512 4'1548 
471584 421619 41655 4'1690 41726 471761 41796 4183: 41866 4 
41936 4:1070 4:2005 472039 42074 42108 42142 42176 ф2210 42244 
4 
4 


= 
© 
Е 
са C 
oc 


ою 
но 


22 | 42218 42312 42345 42370 4'2412 42446 42470 432512 4'2546 
23 | 4:2612 42644 42677 4-2710 42743 42775 4°2808 42840 42872 
24 | 42937 42969 4 Зоо: 4.3033 4.3065 43007 43129 43160 43192 4322 
25 | 473255 43287 43318 43349 43380 43412 43443 43474 4 3505 4 3536 3 1 
26 | 4:3507 4:3507 43628 43659 43689 43720 4°3750 43781 43811 4-3842 3 1 
27 | 43872 4.3902 4'3932 4:3962 4° 3992 4'4022 4'4052 4'4082 44112 44142 ЗЕ о n? 

3 1 

3 1 


ч‏ یہ به ب 
o‏ 
- 


о 


28 | 44172 44201 4г4231 44260 424200 44319 4/4349 404378 44408 44437 
29 | 44466 44495 44524 4:4554 474583 44612 4'4641 44670 44698 4:4727 


30 | 44756 44788 44813 4:4842 474871 4.4809 4/4928 44956 4-4985 4 5013 3 
31 | 4:5041 45070 4:5008 4'5126 4,5155 45183 4's211. 405239 45267 45205 | 3 6 
32 | 45323 415351 45379 4 5407 4:5435 45462 4:5490 4-5518 4:5546 475573 | 3 
33 | 45601 4:5628 4:5656 4:5684 45711 45739 45766 4 5703 45821 4 5848 | 3 
34 | 45875 4:5903 4:5930 4 5957 4 5084 4°ботт 4'6039 4:бо66 4:6093 4:6120 | 3 


35 | 46147 4°6174 6201 46228 46255 46281 4.6308 4-6 "6362 4:638. | 
36 | 46415 46442 4:6469 4.6495 4:6522 4-6549 4:6575 Сера 4-6628 e | : 
37 | 46681 4:6708 4:6734 436761 4:6787 4:68:4 46840 4:6866 4:6893 4 бото 
38 | 46045 4'6971 4:6098 4-7024 4:7050 47076 47102 4:7129 4:7155 47181 
39 | 47207 471233 41259 47285 азір 47337 4:7363 4 7389 4-7415 47441 


40 | 47467 47492 47518 477544 477570 47596 4-7622 4:7647 4:76 “76 

ча | 47725 47750 4:7776 47802 4:7827 47853 47879 47994 TEn и 
42 | 477981 48007 48032 48058 4*8083 4-8109 4°8134 4:81бо 48185 48211 
43 | 48236 4/8262 4:8287 4/8313 438338 48363 48389 4-8414 48440 4:8465 
44 | 48499 48516 48541 4:8566 48592 4-8617 4:8642 4:8668 4:8693 4:8718 


45 | 48743 48769 4/8794 48819 4-8844 4г8870 48805 48920 4:8945 
46 | 48996 49021 49946 4:9071 4:0006 49122 49147 4'9172 4'9197 49222 
47 | 49247 49272 4'9298 49323 4:0348 4-9373 4:9398 49423 419448 49473 
48 | 4:9498 49524 49549 4:9574 4:9509 40624 49649 49674 49699 4-9724 
49 | +9749 +9774 4:9790 49825 4:0850 4:9875 49900 470025 4-9950 4:997 


n ta CA 
= 


о» о» са 


сл Un tn 
oc 
о о Сә 0» о 


с 
сл 
о 


сл 
со 
о 


+ 

бо 

© 

т 

o 
сэ 
ох Qn бл Un (л са ол ол сл 

оо 

о 

= 

p 


cM 


IO I3 


The probit corresponding to a given percentage 


exceeding this percentage in the population (се Table 1). із the normal deviate (increased by 5 to avoid negative values) 


бо a 


TABLE IX. PRoprts—continued 


4 оо от o2 о3 о4 o5 о:6 o7 o8 од Ex. 237 p^ 
50 | $0000 5:0025 5'0050 5:0075 5'OIoO 5'0125 5:0150 5:0175 570201 5:0226 3 5 «810123 
эв 51 | 5:0251 50276 50301 5:0326 5:0351 50376 5'040І 50426 50451 5'0476 ео rete у; 
9 2| 5-0502 50527 5°0552 $0577 5'0602 50627 5:0652 5.0677 50702 5:0728 QU ABK Зб гора 
53 | 5:0753 5:0778 5:9803 510828 5'0853 5:0878 $0904 50929 5:0054 5'0979 | 3 5 8 10 13 
54 | 51004 5:1030 5'1055 5:1080 51105 51130 51156 5:118: 5'1206 5 1231 35.984530 13 
55 | 571257 $1282 $1307 $1332 5'1358 51383 51408 5:1434 5'1459 $1484 | 3 5 8 то 13 
56 | 5-1510 5:1535 51560 5:1586 51611 51637 51662 5:1687 51713 51738 Зи 585.55 
57 | $1764 $1789 51815 51840 51866 51891 5'1917 5:1942 51968 51993 | 3 5 8 10 13 
58 | 52019 5:2045 5'2070 5:2096 5:2121 52147 52173 5:2108 $2224 5:2250 Che. SIRO 
59 | 52275 52301 5:2327 52353 $2378 52404 $2430 52456 52482 5:2508 За 75. #8 то 323 
бо | 5:2533 5:2559 $2585 $2611 52637 52663 5:2680 5:2715 S'2741 52767 | 3 5 8 зо № 
61 | 5'2793 5:2819 5:2845 52871 5:2808 5 2024 5:2050 5:2976 5 3002 5 3029 CO S DOS COND IO 
ба | 5:3055 $3081 $3107 $3134 53160 53186 5:3213 $3239 $3206 $3292 | 3 5 8 11 13 
63 | 53319 $3345 $3372 53398 53425 53451 53478 53505 5 3531 513559 | 3. 5 845 53 
64 | 5:3585 5:3611 $3638 $3665 53692 53719 $3745 53772 53799 5:3826 | 3 5 8 1 13 
65 | 5.3853 $3880 53907 5:3934 53961 53989 54016 5:4043 54070 54097 d^ наве и трета 
4 66 | 54125 $4152 54179 54207 54234 54261 $4289 54316 54344 54372 | 3 5 8 m 14 
ü 67 | 54399 54427 54454 54482 554510 54538 54565 5:4593 $4621 54649 | 3 6 8 м 14 
68 | 5:4677 54705 54733 54761 54789 54817 54845 $4874 54902 5'4930 8,6 зи 4 
ч 69. 5:4959 5:4987 5" 5015 5:5044 5:5072 55101 5:5120 5:5158 55187 55215 3 6 9 n 14 
зо | 5-5244 575273 $5302 $5330 5/5359 55388 55417 55446 55476 55505 | 3 6 9 12 14 
71| 55534 $5563 55592 $5622 555651 55681 $5710 $5740 5.5769 $5799 | 3 6 9 12 15 
‚ 72| 55828 5:5858 5:5888 5:5918 55948 5:5978 5:боо8 5'6038 5:6068 .5 6098 SOT 32125 
73 | 56128 5'6158 5:6180 56219 8:6250 56280 56311 56341 56372 56403 24906510" ИУ 
TA | 56433 5 баба $6495 50526 5:6557 5'6588 5 6620 56651 56682 $6713 | 3 6 9 12 16 
| 

75| 56745 $6776 $6808 5:6840 5'687т 5'6903 56035 5 6907 56999 57031 | 3 6 10 13 16 
76 | 57063 $7095 $7128 57160 57192 5'7225 5:7257 57299 5"7323 87356 | 3 7 то 13 16 
17 | $7388 5:7421 $7454 5:7488 5:7521 5'7554 57588 5 7621 BOSS 5:688 | 3 7 10 13 17 
78 | 57722 $7756 $7790 5 7824 5:7858 5'7892 5 7926 577961 5 1995 58030 | 3 7 то 14 17 
79 | 58064 58099 58134 $8169 5:8204 58230 $8274 5'8310 58345 58381 | 4 7 ті 14 18 
Зо | $8416 58452 5:8488 5'8524 $8560 58596 58633 58669 58705 58742 да та СОР EA. OX 
81| 58779 $8816 $8853 58890 $8927 $8965 59002 59040 59078 $9116 | 4 7 11 15 19 
82 | 590154 5'9192 5:0230 59269 59307 59346 59385 50424 59463 59502 | 4 8 та 15 19 
83 | s9542 59581 59621 59661 оўот 559741 $9782 5'9822 59863 59904 | 4 8 12 16 20 
84 | 59945 59986 60027 6:0069 б'отто 6:0152 6:0194 60237 6:0279 6:0322 ди BUTS AT 
85 | 60364 60407 60450 6:0494 б'о537 6'0581 60625 6:0669 6:0714 60758 4 19 313: 19 yaw 
86 | 6:0803 6:0848 6:0893 6:0939 60985 61031 6'1077 6'1123 6:1170 б'ї217 Б "9 14 18 223 
87 | 6:1264 6-131г 6'1359 6:1407 6-1455 6'1503 6:1552 б'їбої 6:1650 б:1700 5 10 15 19 24 
88 | 61750 б-твоо 6:1850 61901 б'1952 6'2004 б'2055 б'2107 6.2160 6:2212 $ dow 55 21 46 
89 | 62265 б'2319 6:2372 6.2426 б-а48т  б'2536 б'а59Т 6:2646 6:2702 6'2759 5 ir 16 22 27 
до | 6:2816 6'2873 6“2930 6:2988 6:3047 6:3106 63165 6:3225 6:3285 6:3346 6 та 16, 24 290 
от | 6:3408 б-3469 6:3532 63595 6:3658 63722 6:3787 6°3852 б'3917 6:3984 | 6 13 19 26 32 
92 | б'дові 6:4118 6:4187 64255 6:4325 6'4395 6:4466 6:4538 6:4611 6:4684 п фиат ДӨ 35 
93 | 6:4758 6:4833 6'4909 6:4985 б'5обз 6:5141 6:5220 6۰5301 6:5382 6'5464 8 16 24 31 39 
94 | 6:5548 6:5632 6-57:8 6:5805 6:5893 6:5982 6:6072 6:6164 6:6258 6:6352 9 18 27 36 45 

95 | 66449 6:6546 6:6646 6:6747 66849 676954 6-тобо 67169 6:7279 6“7392 

97 100 101 102 105 106 109 110 113 115 

96 | 67507 67624 6:7744 6:7866 67991 6°8119 6:8250 6:8384 6:8522 6:8603 

117 120 122 125 128 131 134 138 141 145 

97 | 6:8808 6-8957 б'отто 69268 6:9431  6:9600 69774 6:9054 7'0141 7'0335 

149 153 158 163 169 174 180 187 194 202 


Continued on next page. 
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98-5 
98:6 


98:9 


990 
99'1 
992 
99-3 
9974 
9975 
99:6 
99-7 
99-8 
99-9 


TABLE IX. Propits—continued 


ooo oor ооз ооз | 0:04 0:05 | 0:06 007 0:08 оод |І 2 3 Y 4 5 
T0537 7:0558 7.0579 7:0600 70621 70642 40663 70684 70706 T0727 2 4 6 8 тт 
7:0749 7:0770 7-0792 7'0814 70836 70858 70880 7:0002 T0924 7094712 4 7 9 rt 
T'o969 770992 7:1015 71038 71061 T1084 T1107 Т 1130 T1154 71177|2 5 7 9 1? 
л'таст 71224 T1248 T1272 7:129] T'I321 7:1345 7:1370 T1394 T1419 |? 5 7 70 12 
T1444 71469 71494 T1520 T1545 T1571 T1596 T1622 71648 T1675 |3 5 8 10 13 
T1j]or T1727 T1754 T1781 71808 71835 71862 71890 71917.71948 |3 5 8 и 14 
т 1973 у 2001 7:2029 7:2058 7:2086 72115 7:2144 T2173 72203 72232 | 3 О ка 14 
7.2262 72292 7°2322 1:2353 7:2383 72414 T2445 7:2476 T2508 7253993 6 9 12 15 
T2871 72603 7:2636 7:2668 72701 72734 7:2768 7 2801 7:2834 7:2860|3 7 то 13.17 
T2904 72938 72973 73009 7°3044 7°3080 7:3116 T3152 T3189 73226 47 7 м 14 15 
T3263 T3301 73339 73379 7:3416 73455 73495 7°3535 T3575 T'3015 |4 8 12 16 2 
73656 73698 73739 T3781 73824 73867 T3911 7'3954 73999 T4044 |4 9 13 17 22 
T4089 74135 T4181 T4228 74276 74324 74372 74422 T4471 74522 | 5 10 14 19 24 
T4873 T4624 74677 74730 T4783 74838 T4803 7:4940 T5006 775063 5 11 16 22 27 
7.5121 7:5181 T5241 75302 75364 75427 7:5401 75556 7:5622 1569016 13 19 25 3 
T'5758 T5828 T5899 75972 76045 T6121 70197 76270 763560 7:0437 

T6521 76606 76693 76783 76874 T6968 77065 77164 77266 77370 

T7418 T7589 T7703 77922 77944 *7 8070 78202 78338 78480 7:8627 

78782 T8943 T9112 T9290 79478 79677 79889 Soris 8:0357 8-0618 | 

З'одо2 81214 8:1559 8:1047 8:2389 8'2905 8:3528 8:4316 8: Дог 8 7100 | 


TABLE X. SIMPLE QUANTILES OF THE 
Proper Fractions, with Denominators up to 30, and the corresponding Normal Deviates 


NORMAL DISTRIBUTION 


*1[30 
1/29 
1/28 
1/27 
1/26 


1/25 
1/24 
1/23 
1/22 
1 


1/20 
1/19 
1/18 
1/17 
1/16 


#1/15 
2/29 
1/14 
2/27 
1/13 
2/25 
1/12 
2/23 
т/тт 
2/21 


148339 
т 8187 
1.8028 
17861 
1° 7688 


r7507 
7317 
177117 
1:6906 
1:6684 


T6449 
16199 
1:5932 
175648 
195341 
155011 
1:4835 
14652 
14461 
1'4261 


1'4051 
т 3829 
1" 3597 
143352 
т 3092 


Жо 
3/29 
2/19 
3/28 
1/9 


3/26 
2/17 
3/25 
1/8 

3/23 


#2/15 
3/22 
4/29 
1/7 
4/27 


3/20 
2/13 
3/19 
4/25 
*т/б 


5/29 
4/23 
3/17 
5/28 
2/11 


8/29 
5/18 
7/25 
2/7 

7/24 


5/17 
8/27 
ы 120) 
7/23 
4/13 


9/29 
5/16 
6/19 
7/22 
8/25 


9/28 
чай 
10/29 

9/26 

8/23 


7/20 
6/17 
5/14 
9/25 
glir 


| 


9.5952 
0:5895 | 
о: 5828 
o'5661 
0'5485 


о 5414 
©5351 
©5244 
0"5119 
о" 5024 


0'4949 
о: 4888 
©4795 
04728 
04677 


04637 
04307 
073993 
93957 
0'3912 
0:3853 
0" 3774 
o' 3661 
0:3585 


*r1/30 
7/19 
10/27 
3/8 
11/29 


8/21 
5/13 
7/18 
9/23 
11/28 


*2/5 

11/27 
9/22 
7/17 

12/29 


5/12 
8/19 
11/26 
al 
*13/30 
10/23 
7/16 
11/25 
4/9 


о" 3488 


13/29 


0° 3407 | 
о" 3360 | 
9: 3309 | 


22000 
пас 
ом 
ко 
on 


990999 
E 
сл 
2 
о 


9/20 
5/11 
11/24 
6/13 
13/28 


*7/15 
8/17 
9/19 

10/21 

11/23 


12/25 
13/27 
14/29 
*т/2 


0966 
0896 


0:0830 
0:0738 
о'оббо 
0:0597 
0:0545 
0.0502 
0:0404 


0:0432 
о 


Many fractions with higher denominators may be quickly obtained by simple interpolation between adjacent values, 


eg. from 5/13 and 7/18, because 


To convert to probit values subtract from 5, and for fractions А greater than } add the value for т--Х to ee 


12816 5/27 | о'8958 | 
12621 3/16 | о:8871 
172521 4/21 | о:8761 | 
1.2419 5/26 | о"Збод || 
1°2206 | "т/5 |0'8416 || 
1: 1984 6/29 | о8172 | 
1:1868 | 5/24 | 8122 
r1750| 4/19 | 0:8046 
1:1503 | 3/14 |0:7916 
r1244| 5/23 |o'7810 
11108 2/9 (|9:7647 
1°0968 5/22 |o'7479 
1:0897 | 3/13 |0"7363 
10676 | *7/30 | 07279 
10444 || 4/17 |o'7215 
1:0364 5/21 | 0:7124 
10201 6/25 | о" 7063 
10031 7/29 | о тото 
99945| 14 |o'6745 
9:9674| 7/27 |0:6456 
0'9447 6/23 | о:6407 
0:9388 5/19 | 0°6336 
0:9289|| *4/15 | 06229 
0:9208 7/26 | o- 6151 
09085 || 3/11 | о"бодб 
Ви ТА 
13-18 з’ 


the deviate for 12/31 is judged to be 0:2822 + 3 (-0112) = 0:2868,97. 
True value 0:2868,94. Each thirtieth is marked by an asterisk. З 
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TABLE XI. РЕОВІТ8 


Weighting Coefficients and Probit Values to be used for Final Adjustments 
(Adapted from Bliss, 1935) 


к 
Minimum Maximum Minimum Maximum 
f Working working Weighting Working К working Weighting 
Expected | Probit Range Probit Coefficient Expected Probit Range | Probit Coefficient 
Probit Y.| Y—2]Z. 1/2 Y--QIZ. 23]РО. Probit У.| Y—P/Z. 12 У+ОЇ2. ZYPO. 
T-I 0:8579 5034 5035 *00082 5'0 3:7467 2:5066 6:2533 763602 
1:2 0:9522 3425 3426 *oor18 ски 337401 2:5192 6.2503 "63431 
13 10462 „2354 2355 “00167 52 377186 | 2:5573 62759 62742 
14 1"1400 1634 1635 :00235 pag 376798 2:6220 6'3018 61609 
155 152335 1146 1147 "00327 54 3:6203 | 2°7154 673357 ‘60052 
1:6 1:3266 811"5 812:8 *00451 5:5 375360 218404 6'3764 "58099 
ton 14194 580'5 581:9 00614 5:6 374220 30010 6 4230 ‘55788 
Р 18 1.5118 4194 420:9 "00828 57 3°2724 | 32025 674749 "53159 
, то 1:6038 306'I 307°7 *отто4 5:8 310794 3°4519 65313 ‘50260 
го 1:6954 2256 227:3 “01457 59 2:8335 3"7582 (645917 747144 
4 2*1 1.7866 168:00 169°79 "01903 б'о 2:5230 4'1327 6°6557 43863 
3 2'2 1.8772 126°34 128:22 "02459 6*1 2*1324 4:5903 6°7227 40474 
2*3 1:9673 95:96 97:93 "03143 6.2 136429 — 57149) 6:7926 "37031 
24 2:0568 | 73:62 75:68 703977 6*3 10295 | 58354 6'8649 ‘33589 
2.5 2'1457 57:05 59°20 "04979 6*4 02606 6:6788 6:0394 "30190 
2:6 2:2340 | 44:654 „ 46:888 706169 6:5 —0:705 1:721 . 7'0188 "26907 
27 2"3214 | 35:302 | 37:623 “07563 6:6 15921 9'015  7'0940 723753 
2۰8 2:4081 28-189 | 30:597 “00179 6-7 --3:459 | 10:633 71739 “20774 
2:9 2:4938 — 22:736 25-230 "11026 6:8 — 5411 12:666 — 7'2551 “17904 
30 2:5786 — 18:522 21-101 "13112 6*9 --7:902 15:240 | 7:3376 15436 
31 2۰6624 15°240 17'902 “15436 то —11*101 18:522 7-4214 13112 
3:2 217449 - 12:666 157411 “17904 71 —15'230 22:736 7'5062 “11020 
33 2:8261 10:633 — 13:459 20774 72 —20:597 | 28-189 | 7759197 "00179 
34 2:9060 | 97015 — 11:921 723153 73 —27°623 | 35392 76786 ‘97564 
375 210842 71721 то“705 "26907 7:4 --36:888 44'654 | 77661 ‘об168 
3:6 3:обоб | 6:6788 9"7394 | “30199 455 —49:20 57:05 | 778543 204979 7 
37 371351 578354 | 8:9705 | 9 T6 —65:68 73:62 7"9432 "03977 
38 3:2074 ^ 571497 8%3571 137031 77 —87"93 95:96 8032] 03143 
|- 3:9 3:2773 475903 778676 40474 | 78 —118:22 126:34 8-1228  :02458 
40 3:3443 | 41327 74770 43863 79 —159°79 | 168'о0 || 8:2134 01003 
41 3:4083 | 377582 71665 47144 8-0 --2173 2250 813046 01457 
Я 42 3:4687 374519 6-9206 “50260 841 --297"7 306*1 8:3902  готтод 
43 3"5251 3:2025 6-7276 753159 8:2 —410*9 419*4 8.4882 ‘00828 
44 3°5779 30010 65780 “55788 8-3 —571'9 580°5 8+5806 “00614 
4°5 3°6236 2.8404 6:4040 “58009 84 —802:8 81155 8:6734 ‘0045I 
46 3:0643 277154 6:3797 *60052 | 8-5 --1137 1146 8:7660 ‘00327 
| 47 3:6982 2:6220 6-3202 *61609 8:6 --1625 1634 8:8600 ‘00235 
4-8 37241 2:5573 | 672814 || "62741 87 —2345 2354 3:9538 00107 
49 | 377407 Пало? 62599 "6343 88 | —3416 | 3425 | 970478 oprig 
5*0 377467 2:5066 6:2533 "63662 8-0 --5025 5034 9:1421 “00082 
ШЕ гс: Л р РЕ ори а 
4 In toxicology the probit values used are found by adding 5 to а normal deviate, The weighting coefficient for any test 2210 
is derived from the probit Y given by some provisional formula. The appropriate score for a test in which an observed proportion 


р die and g survive is Ye where y, = (Y—P)Z)+/Z = (У+-0/2)—412 = «t У- РІДКО. 


03 


5034 
3425 
2354 
1634 
1146 


811-2 
580:2 
4191 
305:8 
22573 


167:69 
126*02 
95°63 
73728 
56:70 


44'288 
347923 
27'797 
22:330 
218101 


14:802 
127211 
101159 
БИРИ 
7'205 


6.1394 
572705 
475571 
3:9676 
34170 


310665 
2:7206 
2:4276 
271780 
179640. 


177797 
1:6202 


14814 
133599 
1:2533 


TABLE ХП. РковітЅ 


Weighting Coefficients for Use when there із a Natural Mortality 
(р. J. Finney) 


Natural Mortality, А 


o8 "IO 15 ри. o "35 
"оог ‘000 
"оог ‘000 
*002 “000 
"002 “ооо 
"003 "000 
“005 ‘000 
‘ооб ‘ооо 
“008 оог ‘ooo 
‘OIL 001 “000 
015 002 ‘001 "000 "000 
"9019 1004 ‘002 001 001 ‘000 "000 
1025 "005 "003 001 001 “001 ‘оот ‘000 
"931 ‘008 ‘005 ‘002 "002 “ООГ оог 001 ‘000 “ооо 
"040 “013 "007 "004 "003 "002 "002 "001 ‘001 “001 “000 ооо 
050 019 "012 "006 "004 “003 "003 "002 ‘001 ‘оот ‘ool "ОСІ 
1062 028 1018 ‘010 1007 ‘005 "004 "004 "002 “ОО: “соо: ООП 
1076 ‘039 1026 1015 соті "008 "007 "004 ‘003 "002 "002 ООП 
"092 "053 7037 "023 "016 "013 "010 "007 "005 "004 "005 "002 
"110 ‘070 1051 ‘033 "024 "ОТО "015 "010 "007 “006 ‘004 "004 
131 “091 "069 3046 "034 ‘027 7022 "015 ‘011 "008 ‘007 ‘005 
"154 "114 "одо 1063 "048 “038 1042 "022 "016 ‘012 ‘o10 ‘008 
"180 140 "115 "083 065 1053 1044 "030 ‘023 "018 ‘org со 
1208 ‘169 1142 0407 2085 ‘070 1059 ‘042 ‘031 1024 “020 “016 
"238 9201 9173 "1385 “по ‘092 "078 ‘056 "O43. "034. "027 "022 
"269 234 206 4166 1148 3117 чот 1074 "057 1045 1040 “030 
302 :268 ‘241 +199 1169 145 "127 0005 "074 059 "048 1039 
‘336 304 "277 "235 ‘202 "177 9156 "119 +094 1076 1062 ‘обл 
"310 ‘340 "315 ‘272 “238 211 188 #146 117 “095 0078 065 
“405 7377 1352 "310 “275 1247 "222 3176 142 Ч 17 1097 081 
439 7412 ‘389 1347 ‘313 1288 1258 208 ч7о “141. 119 100 
‘AT! 441 1424 384 1350 4320 1204 1241 200 108 142 4120 
1503 480 ‘458 “420 ‘386 "356 330 "274 1241 105 166 +142 
7532 1510 1490 7454 7421 "391 1364 1407 1261 3224 192 "105 
1558 '538 519 1484 453 1424 4907 330 "202 "252 -218 188 
"581 563 9545 ‘512 481 453 0427 1370 "321 “279 243 212 
i. Be ser 536 507 480 -454 :397 1348 305 268 -234 
585 "556 528 ‘502 477 “421 1472 -329 “200 256 

"621 +613 598 1671 1545 520 "496 442 1394 "350 311 "275 
си = "бої 1582 557 ‘534 ‘II "458 ‘411 1368 "328 "292 

37 ‘624 ‘612 -588 -565 5542 -s2r ‘471 1424 1382 343 "307 


"ооо 


| 


TABLE ХИ. 


PRropits—continued 


Weighting Coefficients for Use when there is Natural Mortality 


Natural Mortality, А 

у | ez "db. зов погоди кода Соби“ "08 sro ES AO ар 130. SS 
5:0 1:2533 4637 ‘624 ‘612 588 1565 "542 7521 7471 424 "382 “343 "307 "213 
54 11593 -634' :623 -611 "589 “567 546 1526 478 434 '392 ‘354 '318 2284 
572 1:0759 “627 "біт -606 585 ‘565 1546 ‘526 481 438 398 1361 "325 2202 
513 10018 e| "616 "боб :596 "577 "558 "540 "522 “479 (439 7400 364 ‘329 ‘296 
54 0:9357 "бої ‘591 ‘582 ‘565 "547 “530 ‘513 "4173 (435 “398 "363 "330 "298 
5:5 0:8764 4581-4573 1564 1548 532 "516 “бот 1463 427 ‘392 359 "327 7296 
5:6 0:8230 4558 ‘550 543 “528 513 1498 “484 “449 7415 382 "351 1320 291 
57 0:7749 :532 525 1518 1504 '490 7477 464 "431 7400 309 340 '3II "283 
5:8 7313 "503 “496 1490 7477 465 1453 7440 411 ‘382 ‘353 “326 299 1212 
5'9 0:0917 471 1466 -460 1449 7437 7426 ‘415 7388 3601 ‘334 1309 1284 "259 
6:0 0:6557 439 1433 "428 418 “408 25308 "387 ‘363 “338 1314 2201 26] ‘245 
ба 0:6227 405 400 "395 386 ‘377 "368 1359 "336 "314 7292 "211 7249 "228 
62 0:5926 4370 1466 362 "354 ‘345 "337 ‘329 "309 ‘289 2260 7249 "240 СТ 
6.3 015049 "336 332 "328 "321 "314 +306 ‘299 7281 ‘263 245 "228 210 "193 
6:4 015394 -302 "299 ‘295 280 ‘282 "276 +269 ‘253 7237 "222 "206 9100 "175 
65 015158 *269 ‘266 263 "258 1252 246 ‘240 "226 гата с198 184 171 "157 
6:6 0:4940 4248 ‘235 "233 "228 1223 +218 ‘213 ‘200 ‘188 0176 163 ‘IST 139 
6:7 0:4739 +208 “206 ‘203 ‘199 "195 ‘190 180 "175 «165 1154 "143 "134 "122 
6:8 0:4551 180 178 с176 1172 ‘169 165 “161 1152 143 ‘134 "125 1115 ‘1o6 
6*9 074376 “154. "153 "151 148 “145 7142 139 131 123 "115 "107 "099 ‘092 
то 0:4214 зі 130 128 „126 124 120 "118 ‘III 7104 1098 ‘ogi 1085 1078 
{гї 0:4062 что ‘109 ‘108 7106 2104 ‘лот 1099 093 088 1082 "077 071 ‘066 
72 о:3919 092 годі "одо ‘088 1086. ‘084 “082 1018 ‘073 1069 004 "059 7055 
123 0:3786 “076 1075 074 7073 071 7070 068 +064 ‘обо 1057 7053 1049 1045 
14 0*3661 062 ‘o61 обо 059 "058 :057 1055 7052 7049 '046 ‘043 040. "037 
45 0:3543 "обо 1049 1049 1048 1041 1046 1045 7042 040 "037 "035 "0382 "030 
7:6 013432 040 ‘039 ‘039 "038 1037 7037 1036 ‘034 ‘032 ‘030 1028 026 024 
e 0:3327 озі ‘031 ‘031 ‘030 1030 ‘029 028 027 1025 "024 "022 “020 "010 
7:8 0:3228 +025 ‘024 "024 ‘024 ‘023 ‘023 022 021 ого ‘018 017 ‘016 1015 
79 0°3134 :от9 ‘019 019 ‘018 ‘018 018 ‘017 016 1015 1014 ‘013 ‘012 СОП 
8-0 0:3046 “015 ‘014 ‘014 "014 "014 ‘013 "013 1012 1012 от ото ‘009 ‘009 
841 0:2962 OII отл ‘OIE соті ‘Ото ‘ото тото 009 0000 008 “008 007 "007 
8:2 0:2882 008 “008 “008 ‘008 1008 008 007 7007 2007 ооб "ооб “005 7005 
83 0:2806 „ооб “006 "ооб ‘o06 ‘006 “006 ооб :005 7005 "005 :004 ‘004 "004 
84 0:2734 "005 ‘004 1004 1004 ‘004 ‘004 7004 004 2004 003 ‘003 "003 7003 
8-5 0:2666 "003 ‘003 "003 "003 ‘003 003 7003 “003 ‘003 "002 ‘002 "002 002 
8-6 0:2600 «002 “002 "002 002 "001 "001 002 ‘002 ‘002 "002 '002 «002 001 
8-7 0:2538 ‚бол. соба 1602 002 "0021 002 7604 “001: OOF OOF, "001, “003 гоот 
8:8 072478 “от obl Oor OOl оор Соот соог соог оог 001 «001 "001 ‘ool 
8:9. ог2421 от “сот “001 ‘бог *OOI "001. ODE -OOI СООТ зоог OE сот 
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In connection with an observed fraction р, it is often advisable to use the angular value 
rises to 90” at roo per cent. The amount of information supplied by » observations about 
із 4л, or in degrees, —— = 
$100. 82077 

- 


” 


ти 


ANGULAR TRANSFORMATION 
TABLE XII. Transformation of Percentages to Degrees 


2 | о ї 2 3 4 5 6 7 8 9 
о о 57 8-1 того 115 12'9 14:2 15'3 16:4 

то | 184 194 203 2rI 22:0 22:8 23:6 244 251 

20 | 26:6 273 280 287 29:3 30'0 30°7 3r3 3r9 

SO 33a 33:8. а ЗА За 73517 GO SO 375. 38:1 

40 | 392 398 | 404  4ro дб 421 427 433 439 

50 | 450 456 46: 467 | 473 479 484 490 496 бо 

бо | 508  Sr4 529 525 531 3 584 556 56: 

то | 56:8 574 581 58:7 59:3 бого бо 7 61:3 62:0 62 

Во | 634 64:2 64*9 65:6 66:4 67:2 68:0 68-9 69:7 7o 

9 |776 725 736 747 7158 ҮС 15:58 Soo. 819 84 


4тп тп 


180* 


independently of the true value of ф. 


For small angles use 57۰3/2 in preference to interpolation. 


Жизо 
1/29 
1/28 
1/27 
1/26 


1/25 
1/24 
1/23 
1/22 
121 


1/20 
1/19 
1/18 
1/17 
1/16 


Arlis 
2/29 
1/14 
2/27 
1/13 


2125 
1/12 
2/23 
111 
2/21 


For fractions exceeding 4, subtract the fraction from І 


то: 5 
10"7 
109 
11-1 
11:3 


115 
11:8 
12:0 
12:3 
12:6 


12:9 
133 
13:6 
ідо 
145 
15*0 
15:2 
15:5 
15:8 
16-1 
16-4 
16:8 
172 
175 
18:0 


TABLE XIII. Transformation of Proper Fractions to Degrees 


Жо 
3/29 
2/19 
3/28 
1/9 


3/26 
2/17 
3/25 
1/8 

3/23 


*2/т5 
3/22 
4/29 
1/7 
4/27 


3/зо 
2/13 
3/19 
4/25 
*1/6 


5/29 
4/23 
3/17 
5/28 
2/11 


18:4 
18:8 
18:9 
тот 
19:5 
19:9 
гот 
203 
207 
2r2 


21:7 
218 
222 
22:6 


228 
231 
234 
236 
241 
245 
246 
248 
250 
252 


asterisk ; for interpolation see Table X. 


823 


*т/5 


*7/30 


¥4/15 


5/27 
3/16 
4/21 
5/26 


6/29 
5/24 
4/19 
3/14 
5/23 
2/9 

5/22 
3/13 


4/17 
5/21 
6/25 
7/29 
1/4 

7/27 
6/23 
5/19 


7/26 
3/11 


255 8/29 
257 5/18 
259 7/25 
2б'о 2/7 

26:6 7/24 
2111 5/17 
272 8/27 
273 | *з/то 
27°6 7/23 
278 4/13 
281 || 9/29 
28-5 5/16 
28:7 | 6/19 
28-9 | 7/22 
290 || 8/25 
29:2 9/28 
293 | “из 

29:4 10/29 
30o 9/26 
30°6 8/23 
307 7/20 
309 | 6/17 
зет | 5/14 
383 || 9/25 
885 | 4/1 


3177 
ar8 
3r9 
323 
327 
328 
330 
332 
335 
337 
339 
340 
342 
343 
384 
345 
353 


360 | 


3б'о 
361 


363 
364 
36-7 
36-9 
371 


78100” Consequently in large samples, the variance of ф, as estimated from a 


$, such that р = sin? ¢, 
ф, in circular measure, 


sample, is 


*11/30 
| 7/19 
10/27 
3/8 

11/29 
| 8/21 
5/13 
7/18 
9/23 
11/28 


*2/5 

11/27 
9/22 
7/17 

12/29 


| ва 
8/19 
11/26 
3/7 

*13/30 


10/23 
7/16 

11/25 
4/9 

13/29 


373 
374 
375 | 
378 | 
38:0 | 


» and the angle from 90°, Each thirtieth is marked by an 


TABLE XIV. ANGULAR TRANSFORMATION 


Angular Values for Final Adjustments 


uc EPS 
Expected Maximal Expected Maximal Expected Maximal 
angular working Range angular working Range angular working Range 
value angle value angle value angle 

¢+} соф. соѕес2ф. ф+ $ согф. cosec 2g. ф. Ф 4 соїф. | созесаф. 
45 736 573 бо 76:5 66-2 75 827 1140 

46 731 573 бт 76:9 67.6 76 831 12270 | 
47 7377 574 62 77-2 богл 77 836 130: 7 
48 738 57:6 63 776 70:8 78 Ват 1409 
49 739 579 64 78:0 72:7 79 84-6 152'9 
| -50 740 583 65 78:4 748 Зо 8541 167:5 
51 742 58:6 66 78-8 77-1 81 855 185'4 
52 744 590 67 792 79-7 82 860 2079 
53 7476 59'6 68 79:6 82-5 83 86'5 2368 
54 748 бог2 69 8о-о 85-6 84 870 2756 
55 751 бго то 80'4 89-1 85 875 33070 
56 753 6г 8 71 8о'9 931 86 88-0 411.7 
57 756 627 72 813 975 87 88:5 5481 
58 759 63:7 73 81:8 1025 88 89'o 82r4 
| 59 76:2 649 74 82-2 1081 89 89-5 16417 


This table supplies for the angular transformation the same facilities as does Table XI for probits. 
coefficient, 1/820°7, is constant for all angular values, and is only needed in testing homogeneity. The adjusted score 
for expected angular value d, is фе = ф4-1 cot ф--9 cosec 2ф where g is the observed proportion surviving. 

For values less than 45° subtract from 90°; the range is then as tabled; its /ower extremity is at до? less the 


value in the table, 
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The weighting 


TABLE XIVi. SCORES FOR LINKAGE DATA FROM INTERCROSSES 


` COUPLING REPULSION 
Recombination 3 
fraction. Double Single Double Double Single Double 
y per cent. one t recessives тате dominant recessives recessive 
= - + 22 
І 46644072 — 99:4974874 — 2:0202020 *0099995 10200020 200:0000000 
з "6620727  49:4949495 | 2:0408163 *0199960 "0400160 1000000000 
3 "6596620 | 32:8257191 .2:0618557 *0299865 :0600540 66:6666667 
4 "6571742 | 244897959 2:0833333 "0399080 "0801282 50:0000000 
5 _ "6546081  19:4871795 21052632 "0499370 *1002506 40'0000000 
6 "6519628  16:1512027 — 2:1276596 "0598922 "12053306 33:3333333 
7 "6492373 13:7675796 21505376 0698289 "1406894 28 
8 "6464306 — її:070:667 — 2"1739130 0797448 "1610306 | 
9 "6435416 | 10:5875509 — 2:1978022 "0896370 "1814099 
то "6405694 94736842 > 2:2222222 0995025 *2020202 20:0000008 | 
Ir "6375130 8:5618086 2:2471910 11093385 "2226946 18:1818182 
12 16343714 78014184 | 272727273 *1191422 72435065 16:6666667 
13 "6311431 | 71575483  2:2088506 1289107 "2644695 15:3846154 
г в 66052227 — 2:3255814 1386413 *2855977 14°2857143 | 
5 244261 ~ 6'1261201 — 2:3529412 1483313 "3069054 13:3333333 | 
16 16209344. 57065217  2:3809524 11579779 «3284072 12"5000000 
ти 6173528 5:3350049 | 24096386 1675785 | 3501184 | 11:7647059 
à V ae 5'0061050 24390244 11771305 73720546 II'IIIIIII 
9 099168 ^ 4'7106717 | 24601358 *1866313 *3942318 105263158 
20 "бобобоб 44444444 | 2'5000000 1960784 4166667 10'0000000 
21 "6021112 — 42032455 25316456 ‘20 . 765 “ 248005 
54604 4393795 97523806 
22 75980678 3:9836568 | 2:5641026 "2148018 bo ab р 
3 ae Р 2:5974026 "2240733 "4856932 8:0950522 
» шон En 35984848 | 2:6315789 "2332815 | 5093379 8:3333333 
5853659 || 34285714 26666667. "2424242 25333333 8-ооооооо 
26 "5800389 32014412 2:702 
Т 7027 "2514993 | 5577006 7:6923077 
Үй ТН 3 1256690 2'7397260 2605046 || "5824614 7:4074074 
г. Бий 29034595 28160014 12782976 6332569 6° 8965517 
5022400 27450980 28571420 *2870813 *6593407 6: 6666667 
31 "5573281 | 2:6340005 2898550] "2957874 -6859166 6-4516129 
5 Босни и 2"9411765 "3944140 "7130125 62500000 
2431500 "98 6 . m . 
34 OS RES нь ЕК7. босовобт 
35 45366357 рами 3930394 3214218 -7688829 58823529 
: 3 2510823 30769231 "3297998 -7977208 5:7142857 
3 "5312085 2-1680217 — 3° 1250000 + 3380917 “8272059 5: 5555556 
37 5256790 — 2-0892058 51746012 . 5 5. 
8 Ч 3: 174003 3402960 8573746 574054054 
E 5200410 | 20142950 32258065 "3544115 888265 -2631579 
39 "5143122 L9429846 3278688 Е 55 5° 293157 
40 5084746 — 18750000 нен 3624367 9190198 5-1282051 
“3703704 "9523810 5 0000000 
41 "502 т с o 
5 à A S X RSS 5 3898305 "3782113 9856054 | а 8780488 
43 : eae ee 73859585 10199126 | 47619048 
4993437 1:6886387 > 508 A 
: 3 5087719 393610) 10550853 4:0511628 
ра 4840941 1-6317016 35714286 4011670 тгодтабо8 4' 5454545 
E 47774316 — rs3770609 3 6363636 "4086266 11285266 44444443 
4 "471286, . 5 
7 at 4 Y $245624 3 7037037 "4159884 11669203 4' 3478261 
4 4647288 r4740648 | 37735849 : 
48 - 45806 5 i 4232518 | 12065203 42553191 
4580091 — 14254386 38461538 "4304161 12474012 “1666667 
49 "4513075 — 15378464) 39215686 t P 
50 А ЕА Ч 4374805 12896434 4 9816327 
4444444 33333 — 40000000 "4444444 13333333 4 0000000 


-5-4 


— ÀJ 


Г 


TABLE XIV2. 


SEGMENTAL FUNCTIONS 


«(х) Ва) уб) 502) 
د و‎ 
10000 000 “0000 000 “0000 ооо *0000 000 
1*0000 000 “0200 000 “0002 000 “0000 013 
1:0000 OOI “одоо ооо 0008 ооо 0000 107 
1.0000 005 "обоо ооо *oo18 ooo *0000 360 
1'0000 017 +0800 ооо *0032 000 “оооо 853 
т'0000 042 "1000 OOI "0050 ооо "+0001 667 
т 0000 086 "1200 002 *0072 000 “ооог 880 
1*0000 160 "1400 004 "0098 ooo *0004 573 
1*0000 273 1600 009 "0128 ооо +0006 827 
т 0000 437 "1800 отб "0162 ooo "0009 720 
10000 667 “2000 027 *0200 OOI "0013 333 
1'0000 976 *2200 043 *0242 002 *0017 747 
1'oooi 382 *2400 066 *0288 003 *0023 040 
I'OOOI 904 *2600 099 *0338 004 *0029 293 
1'0002 561 2800 143 *0392 007 *0036 587 
10003 375 *3000 203 “0450 ото “0045 000 
1:0004 369 “3200 280 "0512 015 "0054 614 
T0005 568 “3400 379 “0578 o21 "0065 508 
10006 998 *3600 504 "0648 озо *0077 762 
1.0008 688 +3800 660 "0722 042 “оодт 456 
r'ooro 667 +4000 853 0800 057 :0106 670 
r'oo12 966 *4201 089 :0882 076 *0123 485 
1:0015 617 "4401 374 *0968 тот *o141 980 
1:0018 657 *4бот 716 "1058 132 "0162 235 
110022 119 "4802 123 "1152 170 "0184 332 
1:0026 043 *5002 бод "1250 217 *0208 349 
т 0030 466 “5203 168 “1352 275 :0234 367 
1:0035 431 "5403 826 “1458 344 :0262 467 
т'оодо 979 “5604 590 “1568 428 "0292 728 
1:0047 155 “5805 470 “1682 529 “0325 230 
10054 004 “бооб 480 “т8о0 648 +0360 056 
т'ообі 573 “6207 635 "1922 789 “0397 283 
1:0069 912 "6408 948 “2048 954 “0436 994 
1.0079 070 *6610 437 *2179 148 *0479 268 
10089 тоо *6812 117 *2313 373 *0524 187 
т-отоо 056 "7014 007 *2451 634 *0571 830 
I'OIII 992 *7216 126 *2593 935 ۰0622 279 
1:0124 966 *7418 494 *2740 281 :0675 614 
1'0139 037 *762т 132 *289o 677 “0731 917 
1'0154 263 “7824 063 "3045 128 «0791 269 
10170 708 +8027 310 “3203 641 “0853 749 
1:0188 435 "8230 900 “3366 223 *O9I9 441 
10207 508 8434 857 “3532 880 “0988 426 
1.0227 994 "8639 209 “3703 620 *1060 784 
т:0249 962 "8843 986 3878 451 "1136 598 
т'0273 482 9049 218 “4057 382 "1215 949 
150208 624 9254 936 *4240 423 "1298 920 
10325 463 “0461 174 "4427 583 “1385 593 
1:0354 073 -9667 967 "4618 873 "1476 обі 
1:0384 531 “9875 350 "4814 306 "1570 376 
Т.0416 915 110083 361 "5013 892 *1668 651 


TABLE ХУ. LATIN SQUARES 


The 4х4 Latin Squares 


BIA DC 
CDAB 


DC BA 


Second Transformation Set: 
г Self-Conjugate Standard Square 
ABCD 


First Transformation Set : 
Self-Conjugate Standard Squares 


3 
D 
С 
А 
В 


Оба< 
mM «Ao 
Xmon 


The 5х5 Latin Squares 


First Transformation Set : 


25 Standard Squares and their Conjugates 


9, то 


5, 6 


34 


DE 
DAB 


ABC 


19, 20 


17, 18 


15, 16 


13, 14 
с 
Е 
в 
А 
р 


29, 39 


27, 28 


25, 26 


23, 24 


21, 22 


D I 
DAC 
CAEBD 
DCAEB 
EDBCA4 


AB 
B-E 


39, 49 


37, 38 


35, 36 


33, 34 


31, 32 


ARORA 
ALAMO 
орй<ва 
4 A A O < 
ачдОоёйн 


засно 
Рова 
О<ава 
muoox 
«доба 


gmamono 
по <ав 
обва < 
AHA «GO 
«гоён 


ALAMO 
NOMA 
оба<а 
аы<оа 


'"4monm 


ыа4<од 
ови 
osama 
Aa A < U 
«дова 


49, 50 


47, 48 


45, 46 


43; 44 


41, 42 


6 Self-Conjugate Standard Squares 


Second Transformation Set: 


mamao 
ALUMNA 
охаша 
ямой 
<доба 


ASMA 
ASMO ш 
Обада 4 
вдало 
«доба 


AOA <A 
AA mU <4 
OSAMA 
MATAO 
«добі 


табло 
прочая 
Omm«xa 
защо« 
MVA 


в <аод 
ав<во 
Оба <а 
аоба< 
<< общ 


BAZOM 
ачхамно 
ORAM < 
AOR <A 
чаоаңы 


54 
perimental arrangements use the randomization procedure described in the 


52 


51 
When constructing squares for use in ex 


Introduction, 


70 


The numbers above the squares 


Each pair of conjugate sets can be 


es. 


IV 


lumns with letters. 


ПІ 


LATIN SQUARES—continued 
The 6x6 Latin Squares 
tion sets, and twelve sets containing conjugat 


ding for self-conjugate and с for conjugate. 


TABLE XV. 


п 


Five conjugate pairs of transforma! 


indicate the number in each set, s stan 
turned into the following transformation set by interchanging rows or col 


„Рахов ‚вавоя< онаа STATURE 3 
„Ннбовч оо S ай<вово „RAO о кеб са? i 
avdan RS м BAIR AROS = обав<ко 52 Е 
фонанчазз ‘Тоняя<яз М донзаайба S ی‎ з 
Š aduan? &аоь<аа® m«nmomeo И 
«водне «водні 4monomum сада у: 
данної 8 
„двоча AMOS ьаво<а LLLI MC 
з з 8 
212 АЕ е v р Mae ede 
тонаса ш" Точные СК очин EROR GARA ROE E 
Зачнаво З Я ачнаяо® бно SSG туро 8 
<аойвъ «аоаши «водні Буаначов я Яадын S 
я SOO 
с в 
[mom mH Ama GO -дбой< Виа T ДО ас s 
SHOARM o „пойна оо ааы<0оа о т о Е 
Занчяво | H Занвхоа 24 Е а внвахо 5 > SETA ee 5 
Фован<а4 Fgomemnagss HOARE AS ox, ЛЭН A 
Зачзодцщо Зачшова FR зоч4нано ы 5 
<аобвь <аоанн qd ROA A Fı Жаиа „Фон<ква E 
| RAÊ 48810085 | 
$ HARUM tı < баса „навов< ан 5 авба<оо _ в 
Зачаногво занво <бо Заьб<ово + о 
фДан<авов н Гдантао? о цфавначо $ кор о 
Foradaas > Боп<ана 5 ^ Fosars am 5 nd AAHOROS „ 
звокача $ Фаобана< = Змочака © Ое 
DUO ELS «добі хаоашњ 3 
ооа4ыаа F 
задовя „кавоча AACA ыа<аоао 8 
Зна«нояз з заводная о овбн<аоб сос двөочон E 
Зач4аано?3 з аааанод y PARAMOS G довко<а 2 5 
бЗоначаной ” Зоничры&  " бочаннадйія оч4овнам 18 
Звонача8 я Заченоя < “до«досыг б вамовож ВЕ 
водню © < a O A A Fı <аоаыњ соса Е 
я 


TABLE XV. LATIN SQUARES—continued 


Examples of Squares from 8X 8 to 12 12 


1-0 


бн!] 
І 


Ї 
Е 
( 


Ср ЕЕ 
Е НС 
Ї 
1 
1 
р 


АВС 
ВСА 
CH 

A 

Ї 

Ї 


Шоо O A Fı 
Шш (ш дога 
Овнод<жав 
нн -Овщда<о с 
Айщвов< ох 
бо ча шош 
Ова <ащ НФО 
ОШО. < 
<заобанощ,. 


Ho aH A O < 
5 щьотадо 
збоайосає 
ап <овоах 
двбовс < ща = 
очартщічш 
до шоно 
«зобтноїм 


то Х то 


А-дмШш-дсоёс« 
MMAR Ја 
ы<танноавов 
HDOnOtRMARA 
щдабода<, мыо 
ОМ-о<бевеща 
возамощ<о а 
AA kK OM UH d 
AO mM 4O kı o b4 FE 
OOS MAGA Rm 
AAMEAFH m~ A mU Û 


SOAREOTHRM 


мЫощьаоњ<ад 
-ФОд«- FH HH O fF AA 
HH Omdmmuouo- 
шиБаоннаоа“ 
Ог-веМ<дощ,. 
БО УХщс-авво 
аваба-мощ< во 
ан<-оовдещима 
О пода Ха Gk 
£f& 4X ÁO — m m =H AOE 
*( 5 O Q gl fx O TH e ed 


= 
< 
= 


12Х 12 


IIXII 


COMPLETE SETS OF ORTHOGONAL LATIN SQUARES 


TABLE XVI. 


4X4 


3X3 


IH 


п 


п 


ma + 


4 
3 
2 


3 
4 
1 


e 


AD, BCD 


AC, BD 


ПІ 


7X7 
п 


5Х5 


п 


ш 


МІ 


nte 
мг 
nas 
чною 
того + 


ож со ан 


ханы 
ан со 
мого м 
ro ло + 
юкюжо 
мо +} во ч 


ню а 
ком буц 
otas 
in еб м O 
tann 
omo + 
annm 


n ص‎ 
тоном с 
mm tH 
ЧО юс 


нао ал 


nw Mr FH 1n 


ван 
аню 
н + 
+ е 


тоа 


recom 
ш он 
таш 
он + 


а азе; 


тээ 
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СОМРІЖТЕ SETS OF ORTHOGONAL LATIN SQUARES—continued 


TABLE XVI. 


8х8 


IV 


ПІ 


п 


© Ноа КСО 


точ ном бю 


ююотоса 
хо сох с н 


чаю бно 


= oo 
чого 


na 


сл шю + а 1-00 н 


a moo ногою 


носа 


ло + 


+ шо = 


maton коло со 
r- M соло сз ооо + 
© ах Minn 
м он mm toon 
TOD өн с 
Фо шугу но чаю 
WOO D жен соо 
- то по N to 
© YER MNO нл 
MMO + ночю 
о а юн зоо Mm 
хоно а mM +оо 
то ого ч мы 
ог то онова 
NWO ылоо + со 
нап Ww SD mmo + 
00 гюошюш+ пан 
moO фо ю + н а 
© чо кан о 
MO гоо M Ww то + 
чеда م بر‎ now 
от на ко MO 


ан +t MO шос 


на Mt nO 


7 


г 00 


АБЕ, ВР, СЕ АРЕ, ВЕЕ, СР ADEF, ВРЕ, СЕР 


АР, ВЕ, СЕ 


уп 


OO он гоо ч 
ку мэ соо он 
ою н mara + В 
о 
оны = 
жа c.g со oH y 


сном +A коло RD 


а + ин mow М 


M о оо час 


АР, BDF, CDEF 


5 

8 

4 

1 

2 

3 
3 4 как За 
214 366 987 


ADF, BDEF, CDE 


9X9 


IV 


III 


II 


QN toC што г oM eo 
Оо н «MO mr 
со (D мя оо са СУ 
о но а сч гш 
му со < нож ет 
ча Фе гло Ф 
MUGS н та 
а сургуло н 


моо D статтю 


го Ө соо + он 
© ч со + она 
юн O n а осо 


с 1-00 бн өс + 
со тя он NO 
хоо Сн с е «t м 
© чаъ Oro mH 
оо чо ANA mM 
+ ою со AHA 
он WO + юг 
ч сом wo +оо с 


ноа с xin го 


© 


ес 
LTN 
Re 
S 
“ en 
ыру а 
© к 
о 

EE 
fupe 
со 


з 
ес 
"Е 
“що 
„ча 
„се 
„КБ 
На 
к м ОС 
OSS 
ni 
ко 
2 

г 
255 
Q 

a З 
ща: 
SS 
о 
ша 


уш 


УП 


12! 


Ov « x HD со 10 t- ед 
© ню mim b бү 
r. ома + OUO оч 
о оо н осм а ta 
юпа on оо 
+ сею ню min r 
©з мэ or. HON HO 
а ч Ф 00 ыо ом) 


н х ос ос moan + 


Фон w) roo ro D с 
0 mH mam na 
кые о шоо сун MYO 
о тоа Ho ооо бут 
1n бум to то сах 
то сч о г AH ш 
єс +оо mao шон 
ao 
^ w Oo MEO са 
anew а юсн + 
© ч ш gp Ho OS o 
mm р соо о емш 
© стю ч чен 
ооо а + но Ф 
жено о оосо A 
MO an no н Fm 
NINO н + юю о 


чо FE €) са мо 


со гоо өч боон 
санг жас 
кое «SO он MA 
© м + о ч н со г- 
муч ан (00 се 
чо он MANE соо 
ван со 1-40 м + 
ан боо гостю Фо 


M осо е со O00 FO n 


гсн а Fo ©з 


ABC(W), ABD(Z), 
ACD(Y), ВСР). 


ABD(X), 
ACD(W). 


ABC(Z), 
BCD(X), 


SS 
RR 
чч 
SX 
вы 
E 
RA 
58 
а 

я 
p? 
SS 
ou 
NN 
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тї 


ІІ 


15 


18 


20% 


23 


26 


27 


=== 
7 #3 Use 2, deleting any set of five varieties | 2174 5 32 Cyclic solution 
5 y 
v 6 фло occurring in the same block од тт aef gi 
А 2 7 
r 6 4 4 Use 5, deleting any set of six varieties 5 29 3 55 Cyclic Дада two families 
a ф 15 occurring in the same block = bfe 
rk 6 Dicyclic solution 6r 7 abcd abgh acfh adfg 
2449 ауа» аз by Cy d, 2 8 efgh cdef bdeg ёсей 
2 4 - 
фід abef асер adek 
т т abc ade afg ahi ajk alm Аз саай Баул bcfg 
25 dhl 64) bik bmo bin beg 
3 ejo cmn сід cdg сеў сії) ҮСЭН 
835 fkm fio djn ekn dim dko 9 ТА ќи ^3 с ав 
Ат gin 447 ehm fjl gho fhn 5 14 
ano bdf chk eil gjm 13 78 44 Dicyclic solution in two families 
v25 050 ау а» бу 65 
r 8 2 4 Cyclic solution in two families Ат ааа 
v 9 818 abce 
A 3 adfi 1679 45 Use ro, deleting any set of nine 
5 n от. i a сө фі8 varieties occurring in the same block 
та "Сида Cg успе 4 
ото дай ay ey dy permutation. 
4 в дъ е 2 
pee а а 246 ! (abcde) 171” 9 #6 Use zo, deleting any set of nine 
а A 624 varieties occurring in the same block 
3 
то À 3 Cyclic solution in three families 
vig 857 agh, ben, dfi 10172 9 Aq Cyclic solution 
Ат обід acefghkno 
tho abedef g hi mxeglk ган і 
ШШШ, су Е e ies 1086 В € m 211 47 шалдан 1, and 37 others ay.» da 
MS pi оті сору bpigots юх л FS туора а моя бу, 
: з % аз та e усис per- 
со 23 Е 23 x p 1 5 gees pe ѓ 463 mutation (abc) generates я blocks in a 
CN M RM = x ја ДЕТЕ replication; (123) in suffixes and indices 
g , т WO A HN LY E v generates the 9 replications. 
"Аоф тео unhi 
ѓур won ОЕТ 2 1 ча 22 го Ё 7 Use 23, deleting any set of nine 
3 Twygrifb wpkofhaj 9 d» û 36 varieties occurring in the same block 
suxmgfbhu xfurptend Е 
1906кх0447 yeisrujh 
тоў пу han с 251 r10a0c de f ghi jkl mno фут stu 
Ё | r о21а40 фей cip /04 gis йт” jnu 
й A2 ues Dio aus сай fjs hpt ior Іти 
rys yoaft бер chu dgs ejm kot Inr 
А тари bmg cjr dhk eps flo int 
PIS 3 7 Аз Use 27, deleting any set of ten ай) brs cog dlp eiu fkn gmt), 
20122239 varieties occurring in the same akr bjt cel dim fpu gng hos 
block alt 272 ens dru ego ijq kmp 
ams bi | cdt ehn fgr jop Аун 
710 ма bo bs Cy Cy d, 4. d, | 1 1 
Б ред с Cyclic апр бои cfm dgj ert hlg iks 
А 3 ааб bs cs cs dyd; dg permutation з 208): 5 
а, а, абу By D, су сз Cy d (1234567) 29 | 7 то i Cyclic solution in two families 
4 : U 41 2 ajprK 
ау 44344 2g @ € f g ` Permutation (a å c) Ar ET 
2.8 


BALANCED INCOMPLETE BLOCKS 


TABLE XVII. 


Combinatorial Solutions 


+ Divisible into groups, each containing a complete replication 
> 


No. 25 by rows, Nos, 6, 7 and 21 as indicated. Р 
то = bh, А = 1—1. 7 алд 21 asindicated. (Зее Introduction.) 
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TABLE XVIII. 


Index by Number of Replications 


гэгээг VE ост тү Эн ЭЭ en EL Ti то Uh | 
і БИО | 0. | Өс (воч, | Reference ир | ус [lock Go| Reference. ae | e | block | Reference 
| 
| 34974274 6 2 2 7 8 | 28 2 u о» | то | уа з 18 
4 4 3 и 8 14 4 6 19 19 9 Кој 
7 7 3 0.5, 8 8 7 и 25 25 9 20 
15 | 35 3 7 28 | 63 4 21 
4 5 то 2 “ 15 21 5 8* 28 36 7 22 
5 5 4 и 15 15 7 9 37 37 9 23 
7 7 4 0.5. 22 22 7 то” 46 69 6 241 
9 4° 3 0.5, 64 72 8 0.5. 
13 13 4 0.5. 8 9 36 2 и 73 73 9 es, 
9 18 4 тт 
5 6 15 2 и 9 12 6 0.5. то 6 15 4 и 
6 то 3 1 9 9 8 и 9 18 5 тт 
6 6 5 и 15 15 8 9 тт 55 2 и 
її II 5 2 21 28 6 12" II її то и 
16 20 4 0.5. 25 50 4 13 16 16 то 5 
21 21 5 0.5. 29 29 8 14* 19 19 10 19 
49 56 7 0.5. 21 70 3 25 
6 5 то 3 2 57 57 8 0.5. 21 3o 7 20 
7 21 2 и у 31 31 10 27 
( 7 7 6 и 9 то 45 2 и 36 45 8 28" 
! то 15 4 3 то зо 3 15 41 82 5 29 
11 її 6 2 то 18 5 16 46 40 10 30* 
13 | 26 | 3 4 то 2715 6 3 $1 | 85 6 | зії 
1 16 16 6 5 то то 9 и 8т до 9 0.5. 
і 25 зо 5 0.5, 13 13 9 0.5. 91 91 10 0.5. 
ЗІ ЗІ 6 0.5. 16 24 6 17 
| + 
| TABLE XIX. Index by Number of Units in a Block 
| Units per | Blocks | Varieties | Replica: | Reference. | atis ре | Від | абење | Ден | Reference. 1283 112 | Reference 
3 4 4 3 и 5 18 9 то 1I 8 9 9 8 и 
7 у 3 0.5. 18 то 9 16 15 15 8 9 
то 5 6 и 21 15 7 8* 29 29 8 14% 
то б 5 1 21 1 5 0.5. 45 36 то 285 
| ї2 9 4 0.5. 3° 25 6 0.5, 57 57 8 0.5, 
26 13 6 4 82 41 то 29 72 64 9 | 04 
зо то 9 15 
35 15 7 7 6 7 7 6 и 9 то то 9 и 
57 19 9 18 її 1I 6 2 13 13 9 0.5. 
70 21 10 25 12 9 8 0.5. 19 19 9 19 
15 то 9 3 25 25 9 20 
4 5 5 4 и 16 16 6 5 37. | 37 9 23 
7 7 4 0.5. 24 16 9 17 73 73 9 0.5. 
13 13 4 0.5. 28 21 8 12* до 8т то 0.5 
14 8 7 6 31 31 6 0.5. 
15 6 то и 69 46 9 241 то її її то и 
15 то 6 3 85 51 то 311 16 16 то 5 
18 9 8 Ir 19 19 то | 19 
20 16 5 0.5. 7 8 8 7 и 31 31 то 27 
50 25 8 13 15 15 7 9 46 46 то зо" 
63 28 9 21 22 22 7 ток 91 91 10 0.5. 
3o 21 10 26 
5 6 6 5 и 36 28 9 22 
тт її 5 2 56 49 8 0.$. 


* Ргоуе4 non-existent. 


+ No solution yet discovered, 
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ТАВЬЕ ХХ. SCORES FOR ORDINAL (OR RANKED) DATA 


- The mean deviations of the rst, 2nd, 3rd . . . largest members of samples of different sizes ; 
> zero and negative values omitted. 


Size of Sample 


Ordinal 

number. ж-5 2 3 4 5 6 7 8 9 » 10 
I “56 “85 тоз т 16 1:27 1:35 г42 1:49 r54 
2 “Зо 50 "64 “16 85 "93 тоо 
3 "20 35 "47 57 66 
4 "15 27 "38 
5 12 

EJ 
II 12 13 14 15 тб 17 18 19 20 
І 1:59 1:63 1:67 т7о 174 1:76 т 79 182 1:84 r8; 
2 106 1-12 116 1521 125 128 1:32 1°35 1:38 I'41 
3 773 "19 “85 "90 "95 “99 гоз го] гто га3 
4 20 "54 “бо “66 “71 126 81 "85 "89 "02 
5 "22 E "39 146 "52 757 "ба “67 її 75 
9 ло 19 хат 34 39 "48 "50 55 59 
7 "од ET “23 "зо "35 що "48 
8 o8 15 21 26 31 
9 ۰07 "13 19 
то "об 
21 22 23 24 25 26 27 28 29 30 
Ч 1:89 гот 193 1:95 1'97 1:98 2:00 2101 2:03 2:04 
2 143 1:46 1:48 150 152 1:54 1:56 1:58 1:60 1.62 
3 116 rig I'21 1:24 r26 1°29, 1°31 1:33 1:35 1:36 
4 "95 “98 гот тод roy год тїт 1: 14 1:16 118 
5 "78 "Ва "85 “88 27 -03 -96 *98 $00 1:03 
6 "63 “67 "то 773 “76 “79 ۰82 "85 -87 ۰89 
7 "49 753 “57 “бо +64 -67 82 13 475 478 
8- -36 эр “45 +48 +52 “55 “58 "бі “64 -67 
А 124 "29 "33 37 ж "44 148 “51 "54 757 
о 512 517, "22 "26 "30 “34 -38 "41 "44 "47 
Е +06 "II *16 *20 “24 +28 "32 “35 +38 
"05 то "14 "19 "22 "26 "29 
ы 95 "од 13 17 І 
15 04 о9 Es 


of totis [Up pas preference and some other experimental data sufüce to place a series of magnitudes in order 
data by d Ч си [РШЕ mettical values. Analyses of variance, correlations, etc., can be carried out on such 
оле погта! scores, appropriate to each position in order, in a sample of the size observed. ‘Ties may be 


scored with the means of th i i i ҮТ wi 
ea baein е ordinal values involved, but in such cases the sums of squares given in Table XXI will 


TABLE XXI. SUMS or SQUARES OF MEAN DEVIATIONS TABULATED 


8 ЕТЕ 2 3 4 5 6 7 8 9 то | я 
1- 
Ё 96272 | 14450 (244018 — 31 : | 
5 79 " 912 41250 50452 59646  6:9656 79320 | 10 
її Хн ee 1о"Віод 11-7846 128232 13.6600 147258 15-7454 16-6864 ій 2 
21 | 18-6242 19-6862 206176 21-6040 22-6352 235410 2475992 25:5808 26-5806 27-5454 | 30 
31 | 28-5730 29'5960 30-5562 31-5152 325618 33:51 Е : 3 | 
11384660. 394654. 40-4466 3275! 335166 345346 354840 36-4414 374288 | 4с 
ns 404300 415788 425194 434922 444548 453626 465110 47-3830 | 50 
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| TABLE ХХ. SCORES FOR ORDINAL (ов RANKED) DaTA—continued 


4 Size of Sample 
Ordinal 
| number. 31 32 33 за 35 36 37 
| I 2:06 гої 2:08 2:09 2'1I 2:12 2:13 
| 29 1-63 1:65 1:66 1:68 1:69 1-7о 172 
3 1:38 1'40 г42 1:43 145 1°46 1:48 
4 1:20 1:22 г23 1:25 1:27 1°28 1-30 
5 1-05 1-07 т.о9 гїї т°12 1:14 т 16 
6 *92 94 *96 *98 гоо 1'02 1:03 
7 "Зо 82 “85 "87 “89 “от “02, 
8 *69* 72 “74 +76 "79 "Вт -83 
9 бо 62 "65 "67 09 "12 273 
то 50 53 756 “58 “бо “63 “65 
II 41 44 47 "50 “52 "54 137 
а | gags 36 “39 41 ча 47 149 
12865 223 28 Su 34 +36 ۰39 *42 
14 "16 20 723 26 729 232 "34 
15 :08 12 "15 “18 "22 124 *27 
16 104 "08 11 14 “17 20 
17 "04 07 ‘Io 4 
18 *o3 “07 
19 
20 
41 42 43 44 45 46 47 
1 2:17 2:18 219 2:20 2°21 2:22 2:22 
2 1:76 1:78 т 79 тво 1°81 1:82 1:83 
3 1:53 154 1:55 157 1:58 1:59 1'бо 
1 1:36 1537 1°38 1:40 т°41ї 142 1°43 
5 1:22 123 1:25 126 1:27 1-28 1:30 
6 го 111 лота 114 1:16 1:17 1:18 
7 *99 гот гог тод 1:05 го) rog 
8 “до ‘91 793 “95 “96 “98 "99 
9 “81 83 "84 86 :88 "89 “9I 
10 473 “75 “76 "78 "Во "81 "83 
II *65 *67 *69 "ТІ “72 27 ۰76 
12 +58 60 "62 "64 “65 -67 "60 
13 "51 153 “55 557 159 "бо “62 
14 *44 46 “48 “50 "52 154 “56 
15 37 “40 "42 44 “46 "48 “50 
16 +31 133 "36 138 40 "42 144 
17 213 “27 -29 "32 "34 +30 "38 
18 +18 *21 *23 "26 "28 “30 "32 
19 “12 "т; "5, *20 522: «25 «27 
20 “об “од "12 "14 17 "19 "ат 
21 *o3 *o6 *o9 11 "14 16 
22 :03 *o6 *o8 II 
23 1903 "05 
24 
25 
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TABLE XXII. INITIAL DIFFERENCES OF POWERS OF NATURAL NUMBERS 


These values, the so-called “differences of zero," enter into many combinatorial formule, as in Whitworth's Choice 
and Chance. They afford exact solutions of some important sampling problems (Stevens, (12), (13), 1937). In particular if 
5 objects are distributed among z classes, the probabilities of any one object falling into each class being equal, the 
distribution of r, the number of occupied classes, is 

2 эн! Aros 

nt ии!!! 
The values tabulated, 47 of /r!, are the rth differences of powers of natural numbers, advancing from of, divided by 71, 
for values of s from 2 to 25. 3 


ed 2 3 4 E 6 7 8 

2 1 7 15 31 63 127 

3 І 25 до Зол 966 

4 І то 65 350 т7от 

5 1 15 140 1050 

6 I 21 266 

7 1 28 

8 І 

213 9 то її 12 13 

2 255 511 1023 2047 4095 

3 3025 9330 28501 86526 2 61625 

4 7779 34105 І 45750 6 ттбот 25 32530 

5 6951 42525 2 40730 13 79400 75 o8501 

6 2646 22827 I 79487 13 23652 93 21312 

7 462 5880 63987 6 27396 57 15424 

8 36 750 11880 1 59027 18 99612 

9 І г "45 1155 22275 3 59502 

то 1 55 1795 39325 

II H 66 2431 

12 I 78 

13 І 

AA 14 15 16 17 18 
2 Зтот 16383 32767 65535 т 31071 
3 7 88070 23 75101 71 41686 214 57825 644 39010 
4 103 91745 423 55950 1717 98901 6943 37290 27988 об985 
: 49 75035 2107 66920 10061 90550 : 56527 51651 2 89580 95545 
34 36373 4206 93273 27340 26558 | 1 75057 49898 11 06872 51039 
ү 493 29280 4087 41333 32818 82604 2 57081 04786 19 74624 83400 
209 12320 2166 27840 21417 64053 2 04159 95028 18 дозбо 65010 
9 51 35130 671 28490 8207 84250 95288 22303 то 61753 95755 
x 7 E 126 62650 1937 54990 27583 34150 3 71121 63803 
= i 14 79478 289 36908 5120 60978 83910 04908 
н 3307 І 06470 27 57118 620 22324 12563 28866 
# ог 4550 т 65620 49 10178 1258 54638 
5 105 бого 2 49900 84 08778 
І 

E І 120 7820 3 67200 
т І 136 9996 
18 і TE 
I 
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TABLE XXII. INITIAL DIFFERENCES OF POWERS OF NATURAL NUMBERS—continued 


19 20 21 
| © 2 62143 5 24287 то 48575 
3 1934 48101 5806 06446 17423 43625 
4 І І2596 66050 4 52321 15901 18 15090 70050 72 
5 14 75802 84710 74 92060 90500 379 12625 68401 1913 
6 бо 30816 01779 430 бо788 95384 2658 56794 62804 16330 
7 149 20246 34839 1114 35540 45652 | 8231 09572 14948 60276 
8 17ф 97510 03480 1517 09326 62679 13251 10153 47084 1 14239 
9 114 46146 26805 1201 12826 44725 12327 24764 65204 1 24196 
10 47 72970 33785 591 75849 64655 7118 71322 01275 83514 
її 12 94132 17791 190 08424 29486 2682 68516 89oor 36628 
12 2 34669 51300 41 10166 33391 683 30420 30178 10882 
13 28924 39160 6 10686 60380 120 49092 18331 2249 
14 2435 77539 63025 24580 14 93040 04500 329 
15 139 16778 4523 20200 т 30874 62580 34 
тб 5 27136 223 59954 8099 44464 2 
17 12597 7 41285 349 52799 
18 171 15675 10 23435 
19 І 190 19285 
20 І 210 
ЗІ т 
22 
Бе 23 24 
r 
2 41 94303 83 88607 
3 1 56863 35501 4 70632 00806 14 
4 01 63425 74750 1168 10566 34501 4677 
5 9641 68881 84100 48500 07834 95250 2 43668 
6 99896 98579 83405 6 09023 60360 84530 37 02641 
7 4 38264 19991 17395 31 67746 38518 04540 227 83248 
8 9 74195 50199 90400 82 31828 21583 20505 690 22372 
9 12 32006 88117 96900 120 62257 43260 72500 1167 92145 
то 9 59340 12973 13460 108 25408 17849 31500 1203 16339 
її 4 86425 13089 51100 63 тоотб 56957 75560 802 35590 
12 т 67216 27734 83930 24 93020 45907 58260 362 26262 
13 40128 25603 41300 6 88883 60579 22000 114 48507 
14 6862 01758 07115 т 36209 10216 41000 25 95811 
15 847 94044 29331 19582 02422 47080 4 29939 
16 76 23611 27204 2067 71824 65555 52665 
17 4 99169, 88803 161 09499 36915 4806 
18 23648 85369 9 24849 25445 327 
19 797 81779 38807 39170 16 
20 18 59550 1169 72779 
21 28336 24 54606 
22 253 33902 
23 T 276 
24 т 
25 
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20 07151 
52280 79450 
77786 23825 


78219 12055 
53393 45225 
23799 67440 
90799 91620 
33035 33920 


37993 77954 
25008 70286 
33560 51137 
68618 6848т 
51652 81331 


56159 43200 
60465 74004 
14041 42047 
533 14629 
13 89850 


23485 
231 
ї 


25 


167 77215 
11979 91025 
12807 38810 


49741 10751 
70000 02430 
29987 16310 
11183 68580 
10929 73005 


21753 87500 
44384 62660 
07848 74680 
33437 44260 
03608 дбооо 


46553 47200 
51616 95960 
33313 93110 
56785 94925 
62189 69675 


62201 94750 
1685 19505 
32 00450 


TABLE XXIII. 


ORTHOGONAL POLYNOMIALS 


7 (Values from x’ = 32 to ги = 75 are due to V. Satakopan) 
Е 
з 5 6 7 at Ва 
9,8, 222402: РЕ ван бае сора ба св са Se [Ss бо ёз Са 61 
ЫЙ ЧЕП СИ + = 
BEL EU SE T тав Ў 
-5 +5 -5 +I -I 22 5 РИБИ DUEB 5 1312624 
ج‎ +i SEE FE ДЕРЕ жы EI Pn 5 -3 -3 + -3 сти 
e =I = +4 42-10 NE 00277675 EIUS RO 15 
A. "e Xr -4 Ка Ето ccc ur E GS =F FES 
НО ВО 3 3+7 
"ра abbr ФЕБ ВЫХ Ее —E3- “аа 
I t5 tI #3 +I +7 +7 +7 +7 47 
сок ЇВ 70 84 180 28 252 | 28 84 6 154 84 | 268 168 264 616 2184 
I 3 г MEET ILL з енг л ег 
то ( 11 ї2 
[ATE Бу БАРНА са а ARIE би 4, ЗРК ЗР REN es Ee ER 
о -20 о +18 о | +r -4 -12 +18 +6 о -то о +6 о 
ЖІ ст) 9 +9 49133 3 2 +3 В | £1 ^ -9 -14 +4 +4 
+2 -8 -13 сті +4| +5 -1 -35 -17 +1 2 %6 -23 — +4 
О = ната ELIT ETS ра aa слу mk -22 -б -т 
+4 +28 +14 +14 4| +9 +6 +42 +18 36 | +4 +6 -6 -6 -6 | 
+5 +15 +30 +6 +3 
60 468 | 330 8,550 780 | шо 4,290 156 
2,772 2,002 132 2,860 858 256 
o E ОК E үл ї Be d 
ќ 7 13 14 15 
, , 7 , 7) Й , 7) 7 
оо сал булта 1 ea, ед БЕ 4 ё, д, Са. E3 ба $5 
о -14 o +84 o +1 -8 -24 +108 +60 © 256 о +756 о 
+1 (13 Eo +64 820 +3 = —67 +63 +145 DIEM S2 oe FO +675 
+2 -io -7 +и +26 +5 25 -95 -13 +139 +۴2 -44 -49 +251 +1000 
Е 5 O pc а -98 -92 , +28 +3. -29  -бі -249 +751 
+4 +2 -6 -96. -18 +9 +2 -66  -132 -132 +4 -8 -58 -704 -44 
ee + о -66 -33 Жїї +] оч, — -187 +5 +19 -35 -869 -979 
+6 +22 +11 +99 +22 +13 +13 04143 +143 04143 +6 +52 413 2429» MITAA 
+7 +01 +901  -roor +1001 
182 72 6,188 910 97,240 235,144 | 280 780 10,581,480 
2,002 68, d 728 136,136 эм 37,128 pue бой 
ESI S Um Bi Fase НН ДРЕН OES СЦ 3) 
16 17 18 
, , " 
ЕТ EG £s ё. е, кі PS ре Л е, CECI P. т. $5 
TI -2r 63 +189 +45 о -24 о +36 о +I зо =8 +44 +220 
+3 -19 .-179 +129 +115 ci cad! 7” 2831 "ав а и заці! +33 8583 
во ре СКИ GA ETSI +2 -20 -13 +17 +88 +5 “31 -35 413 +733 
Ж ед: зот моё +7 +3 —5 7 53 + +7 -22 -42  -12 +588 
+9 =r табу -201 || -33 +4 -8 -18 -24 +36 +9 —ю -42 -36 +156 
ай +9 —43 -221 -143 +5 жї -15 -39  -39 ТАХ, GS. 1993: 233 «4829 
I3 at — 49r | -9го 43 +6 +12 -7 -39  -104 1122 +24 TS САТ, Й 
"IB +35 +455 +273 +143 #7 фа5 +7 -i3 -от +15 +44 +20 -12  -676 
+8 +40 +28 +52 +104 +17 +68 +68 +08 +884 
1,360 1,007,760 201,552 408 
D 3,876 100,776 1,938 23,256 6,953, 
Е "E се 470,288 7,752 16,796 77 93 о 3,25 Жл 53,544 
JU Su xc ш из, ат а С. 


а ис" 7 - ОР ГГ аи. чылы РИ РН бек Р 


B 


TABLE XXIII. ORTHOGONAL PoLYNOMIALS—continued 


19 20 E 21 
а 2 £s БД Ee ti Са, rs е, ёъ] 5 ê Ei m 
о -30 o -396 o| #1 -33 -99 +1188 +396 о -по о +594 o 


+I -29 -44 +352 +44] +3 -31 -287 +948 +107 ФІ -197 -54 +540 +1404 
+2  -26 -83 +227 +74| +5 -27 -445 +503 +1441| +2 -98 -103 +385 +2444 
+3 WI -iiz +42  479| +7 —м 5553 -17 +1351 | +3 -83 -142 +150 +2819 
+4 -I4 -126 -168 +54] +9 -13 -591  -687 +771| +4  -62 -166 -130 +2354 


+5 -5 -120 -354 +3 | +" -3 -539 -1187 -187| +5 -35 -170 -406 +1063 
+6 +6 -89 -453 -58 | +13 +9 -377 -1402 -1222| +6 -2 -149 -615 -788 
+7 +19 —28  -388 -98 |415 +23 -85 -1122 -1802| +7 +37 -98 -680 -2018 
+8 +34 +68 -68 -68 | 817 +39 +357  -102 -1122| +8 +82  -12 -510 73468 
+9 +51 +204е +612 +102 |+19 +57 +969 +1938 +1938 | +9 +133 +114 о -1938 


+10 +190 +285 +969 +3876 


570 213,180 89,148 |2,660 4,903,140 31,201,800 | 770 432,630 121,687,020 
13,569 2,288,132 17,556 22,881,320 9 201,804 5,720,330 
Y. 1 $ Ts Е E Low Ма і Ys i 
| 
4 22 23 24 
£ 2 ^s ё, се, 5 БА 25| 4 б ёз ё, % 
+1 -20 -12 +702 +390 о 1-44 о +858 о | +1 -143 -143 +143- +715 


+3 —9  -35 +585 +1079| +1 -43 -13 +793 +65) +3 -137  -419 +123 +2005 
+5 -17 -55 +365 +1509 | +2  -40 725 +605 +116 | +5 -125 -665 +85 +2893 
+7 -14 сто. “+70 +1564|-#3 535  -35 +4315 #14т| Ж) —197 -861 +33 +3171 
+9 -10 -78  -258 741158 | +4 -28 -42 -42 +132 | +9 -83 -087. -27 +2721 


фії -5  -77 -563 +363 | +5 -19 -45 -417 +87 | ії -53 -1023 -87 +1551 
+13 +: -65 -775 -663| +6 -8 -43 -747 +1ī2|+13 -17 -949 -137  -169 
+15 +8 -40 -8ro -1598| +7 +5 735 -955 -77 |+15 +25 -745 -165 -207I 
+17 +16 о -570 -1938| +8 +20 -20 -050 -152 |+17 +73 -391 -157 73553 
+19 25 "57 +57 - 7969 |.-b9 "apo 13 -627  -171r|-*19 +127 +133  -97 -3743 


+21 +35 +133 +1197 +2261 |419 +56 +35 +133 =76 | кат +187 +847 +33 -1463 
+11 +77 +77 +1463 +2009 |+23 +253 91771 +253 +4807 


| = 
3,542 96,140 40,562,340 |1,012 32,890 340,860 14,600 17,760,600 177,928,920 
7,084 8,745,740 1 35,420 13,123,110 394,080 T 394,680 я 
2 і 1 Ys 30 І 1 + үз ao 2 3 ^s їз 10 
25 26 27 
, 7 я " 7 , , , , 
Й е, НА е 4 е, е 2 ё 3 ё 4 £s ё 1 2 з ё 4 ё 5 
o -52 о +858 о | +1 -28 -84 +1386 +330 


+ -5r 2-7 +803 ° +275 | +3 -27- -247 +1221 +935 
+2 -48 -149 +643 +5оо | +5 725 р" +905 +1381 
+3 -43 -211 +393 +631 | +7 722 518 +466 +1582 
+4 ~36 -258 +78 +636 | +9 -18 -606 -54 +1482 
+5 -27; -285  -267 +501 | + -13 -649 -599 +1067 
+6 -16 -287 -597 +236 |+13 -7 -637 -1099 +377 
+7 -3 -259 -857 -119 | 115 о  -5бо -1470 -482 
+8 +12 -196 -982 -488 | +17 +8 -408 -1614 -1326 
+9 +29  -93  -897 | -753 | +19, +17 171 71419 -1881 
+10 +48 +55  -517  -748 | Кат +27 +161 -759 71771 
+11 +69 +253 +253 -253 |+23 +38 +598 +506 -506 
412 +92 +506 +1518 +1012 [+25 +50 +1150 +2530 +2530 


1300 1,480,050 7,803,900 |5,850 7,803,900 48,384,180 11,638 101,790 2,032,135,560 
53,520 14,307,150 16,380 40,060,020 712,530 56,448,210 
1 1 4 E Seg $ Ys Yo 1 3 i Yr 


81 е Е 


TABLE XXIII. 


ORTHOGONAL POLYNOMIALS—continued 


28 29 39 

D e C Ж Eol ёт. ёз Сёз Env. ERU зл ES ба ё. 
+1 -65 -39 +936 +1560 o -7о о +2184 © | +1 -тІ2 -112 +12376 +1768 
+3 -63 -115 +840 +4456 | +1 -69  —104 +2080 +1768 | +3 -тод -33I +1271, +5083 
8 -50 185 4655 блот | F2 00 203. +1775 +3298 | +5 —103 -535" +9131. +7753 
+7 -53 -245 +395 +7931 | +3  -61  -292 +1290 +4373 | +7 -94 -714 +6096 +9408 
+9 -45 -291 +81 +7887 | +4  -54 -366 +660 +4818 | +9 -82 -858 +2376 +9768 
+11 -35 -319  -259 +6457 | +5 -45 -420 -66 +4521 |+м -67 -957 -1749 +8679 
413 -23 -325 -590 +3718 | +6 -34 -449 -825 +3454 |+13  -49 -тоог -5929 +6149 
+15 -9 -305 -870 -22| +7  -21 -448 -1540 +1694 | +15 -28 7989 -9744 +2384 
+17 +7 -255 -1050 -4182 | +8 -6  -412 -2120  -556 | +17 -4 -884 -12704 -2176 
+19 +25 -17: -1074 -7866| +9 +11 -336 -2460 -2946 | +19 +23 -703 -14249 —6821 
+21 +45 -49  -879 -982r | +10. +30  -215 -2441 -4958 | +21 +53  -427 -13749 -10535 
+23 +67 +115 -395  -8395 |+11 +51 -44 -1030 -5885 |+23 +86 -46 -r10504 -ттдбо 
+25 +91 +325 +455  -1495 | +12 +74 +182 —780 -4810 |-25 +122 +450 -3744 -9360 
+27 +117 +585 +1755 +13455 | +13 +99 +468 +1170 | -585 |+27 +161 +1071 +7371 -585 
+14 +126 +819 +4095 +8190 (+29 +203 +1827 +23751 +16965 
7,308 2,103,660 — 1,354,757,040 | 2,030 4,207,320 500,671,080 |8,990 21,360,240 2,145,733,200 

95,004 ,634,160 113,274 107,987,880 302,064 3,671,587,920 
NET E а ES: 27065 Y Yo | 2 ? 3 її То 

Mae па Дара да 33 

бено, и НИ бы eines. а Compl ёт ба Es 2 £s 
чо -8о о +408 oj +r —85 -51 +459 +255 o -272 o +3672 o 
FF 795—119 +391 +221 | +3 . -83  -151 +423 +737 | +1 -269 -27 +3537 +2565 
+2 -76 -233 +341 +416 | +5 -79 -245 +353 +1137 | +2 -2бо -53 +3139 +4864 
+з 1 337 +261 +561 | +7 -73 5329 +253 +1407 | +3 -245 -77 +2499 +6649 
+4 -64 -426 +156 +636 | +9 -65 -399 +129 +1509 | +4 -224 -08 +1652 +7708 
+5 -55 -495 +33 627 |+ --55 -45I її 41419 | +5 -r97  -115 +647 +7883 
+6 -44 -539  -99 +528 | +13 -43  -481 -157 +1131 | +6 -r64 -тл7] -453 +7088 
+7 3: 7553 —229 +343 +15  -29 5485 -297 +661 | +7 -125 -133 0-1571 +5327 
38. c16 532 -344 +884 F3 459  -417 +5: | +8 Во таа 22616 +2712 
19 ЖІ -471 5429  —207 |-*19 #5  -399 501 -627| +9  -29  -123 -3483 | -519 
+10 +20 -365 -467 -496 |+21 +25  -301 -531 -1267| 410 +28 -105  -4053 -3984 
ЧІТ +41  -209 -439 7715 | 523 +47  -161 -487 -1725 | +11 +91 = 54193 „7139 
412 464 #2 -324 | 7804425 +71 +25 -347 -1815 |412 +160 -38 -3756 -9260 
+13 +89 +273 -99 | -585 |+27 +97 +261 -87 -1305 | +13 +235 +13 -2581 -9425 
+14 +116 +609 +261 © | +29 +125 +551 +319 487414 +316 +77  -493  -6496 
415 +145 +1015 +783 +1131 | +31 +155 +899 +899 +2697 | +15 +403 +155 +2697 +899 
+16 +496 +248 +7192 +14384 

2,480 6,724,520 9,536,592 | 10,912 5,379,616 5 547 
s 379, 54,285,216 | 2,992 417,384 1,547,128,656 

: аа і зраз " 185,504 537016 | 1,947,792 348,330,136 
21945: 1s 35 т 3 $ Ys зб 
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TABLE XXIII. 


ORTHOGONAL POLYNOMIALS—continued 
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34 35 36 
£ Е, Ёз ё. 25 | ба £s £y £i “е 6. £y ^ £s 
т -48  -144 +4104 +6840| о -102 о +23256 о | т -323  -323 +2584 +12920 
3 чт 4427 +3819 +19855 т -тог -152 +22496 +3800 | 3 -317  -959 +2424 +37640 
5 -45 -695 +3263 +30917 | 2  -98 -299 +20251 47250 | 5 -305 -1565 +2111 +59063 
7 -42 938 +2464 +38864 | 3 -93 -436 +16626 +Ioo21 | 7 -287 -2121 +1659 +75201 
9 -38 -1146 +1464 +42744 | 4 -86 -558' +11796 +11826 | 9 -263 -2607 +1089 +84381 
тї -33 -1309 +319 +41899 | 5 -77 -660 +6006 +12441 | 11 -233 -3003 +429 +85371 
13 -27 -141; -gor +36049 | 6 -66 -737 -429 +11726 | 13 -197 -3289 -286 +77506 
15 -20 -1460 -21% +25376 | 7 -53 -784 -7124 +9646 | 15 -155 -3445 -1014 + 60814. 
17 -12 -1428 -3216 +10608| 8 -38 —796 -13624 +6292 | 17 -107 -3451 -1706 +36142 
19 -3 -:3:: -4лот -6897 | 9 -21 -768 -19404 +1902 | 19 -53 -3287 -2306 +5282 
21 +7 -1099 -4641 -25067 | то -2  -695 -23869 -3118 | 21 +7 -2933 -2751 -28903 
23 +18  -782 -4696 -41032 | 11 +19 -572 —26354 -8173 | 23 +73 -2369 -2971  -62353 
25 +30  -350 -4112 -51040 | 12 +42 -394 —26124 -12458 | 25 +145 - 1575 -2889 -89685 
27 +43 +207 -2721 -50373 | 13 +67 08156 -22374 -14937 | 27 +223 7531 72421 -104067 
29 +57 +899  -341 -33263 | 14 +94 +147 -14229 -14322 | 29 +307 +783 -1476 -97092 
31 +72 +1736 +3224 +7192 | 15 +123 +520 -744 | -9052 | 31 +397 +2387 +44 -58652 
33 +88 +2728 +8184 +79112 16 +154 +968 +19096 +2728 | 33 +493 +4301 +2244 +23188 
17 +187 +1496 +46376 +23188 | 35 +595 +6545 +5236 +162316 
13,090 51,477,360 46,929,569,232 3,570 15,775:320 4,045,052,52015,540 307,618,740 199,046,103,984 
62,832 456,432,592 290,598 14,834,059,240 3,011,652 191,407,216 
2 4 Ys Yo 1 I it do 2 3 if ve 8 
37 38 39 

£ е, НА ё, е, е е, ЗА е, е, БА е, £s ё, е, 
о 5114 o +5814 о т  -бо 236 +918 +1530 | о -380 о +1026 o 
1 -IIj 34 45644 +680] 4: 759 =197 4801) НАФТІ ТО 7317 -189 +999 +5049 
2 -по 767 5141 +1394 | 5. 757 7175 +767 +7061 | 2 -368 -373 +919 +9724 
3 -105 -98 +4326 +1819 | 7 754 -238 +622 +9086 | 3 7353 7547 +789 +13669, 
4  -98 -126. +3234 +2178 | 9 -50  -294 +438 +10362 | 4 -332 -106 +614 +16564 
5  -8g -150 +1914 +2343 | II -45 14 +223 +10747 | 5 7305 -845 +401 +18143 
6 -78 -169 +429 +2288 | 13 -39 | 73177 -13 +10153 | 6 -272 -959 +159 +18212 
я —65 -182  -1144 +2002 | 15 -32 -400 -258 +8558 | 7 -233 71943 -10I +16667 
8 -so -188  -2714 +1492 | 17. =24 -408 -498 +6018 | 8 -188 -1092 -366 +13512 
9 2—33 -186 -4176 +786 | 19 -15 -399 =717 +2679 9 -137 71101 -021 +8877 
I0 -14 -175 —5411 —64 | 21 -5 -371 -897 -1211 | то -8o -1005 -849 +3036 
ІІ +7 -154  -6286  -979 | 23 +6  -322 1018  -5290 | п -17 7979 -1031 53573 
"12 +30 -122 -6654 -1850 | 25 +18  -а5о  -1058  -9070 | 12 +52 -838 -I 146 | -10340 
13 +55 —78 76354 72535 | 27 +31 -153 -993 -11925 | 13 +127  -637 -1171 716445 
14 +82 21  -5211 —2856 | 29 +45 -29 -797 -13079 | 14 +208 -371 -1081 > -20860 
їв +их +50 -3036 -2596 | 31 +60 +124 -442 -11594 | 15 +295 -35 7849 722321 
16 +142 +136 +374 -1496 | 33 +76 +308 +102  -6358 | 16 +388 +376 -446 -19312 
17 +175 +238 +5236 +748 | 35 +93 +525 +867 +3927 | 17 +487 +867 +159 > -10047 
18 +210 +357 +11781 +4488 | 37 +III +777 +188] +2075] 18 +592 +1443 +999 +7548 
19 +703 +2109 +2109 +35853 
4,218 932,178 152,877,192/18,278 4,496,388 3,286,859,6284,940 33,722,910 9,860,578,884 

383,838 980,961,982 109,668 25,479,532 4,490,388 32,224,114 —— 

тт ка ao 2 4 3 Ys 15 21! P yu 
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TABLE XXIII. ORTHOGONAL PoLYNOMIALS—continued 


40 41 42 
БА е, £s е £s £ е, £s ЗА 3 е, 1 е Ёз ё. гэр 
-— 
т -133  -399 +39501 +627 | о -140 o +8778 о| 1 -220 -44 +9614 448070 
3 -131 -1187 437521 +1837 | г.-139 -209 +8569 +4807 | 3 -217  —131 +9177 +141151 
5 -127 -1945 +33631 +2917] 2 -136  -413 +7949 +9292 | 5 -211 -215 +8317 +225181 
7 -121 -2653 +27971 +3787 | 3 -131 -607 +6939 +13147 | 7 -202 -294 +7062 +294546 
9 -113 -3291 +20751 +4377 | 4 -124 -786 +5574 +16092 | 9 -190  -366 +5454 +344202 
II -103 -3839 +1225т +4631 | 5 -115  -945 +3903 +17889 | ті -175  -429 +3549 +370227 
13  -91 -4277 +2821 +4511 | 6 -104 -1079 +1989 +18356 | 13 -157 —48т +1417 +369473 
IS -77 -4585 —7119 +4001 | 7 -9т -1183 | --91 +17381 | 15 -136 -520 -858 +340418 
17 -6L -4743 —17079 +3111 | 8  -76 -1252  —2246 +14936 | 17 -112 -544  -3178 +283118 
19  -43 -4731 —26499 +1881 | 9 -59 -1281 -4371 +11091 | 19 -85  -581  -5431 +199519 
2i  —23 -4529 —34749 +385 | 10 -40 -1265 —6347 +6028 | 21 -55  -539  - 7491 +93700 
23 -I -4117 —41129 —1265 | 1 -19 -1199 -8041 +55 | 23 .-22 -506 -9218 5 
25 +23 -3475 —44869 —2915 | 12 +4 -1078  -9306 -6380 | 25 +14 | -450 - 10458 
27 +49 -2583 —45129 —4365 | 13 +29 -897 -9981 -12675 | 27 +53  -369 -11043 -278( 
29 +77 -1421 —40999 —5365 | 14 +56 -651  -9891 -18060|20 +95 -261 -10791 - 380799 
31 +107 +31 -31499 --5611 | 15 +85 -335 -8847 -21583 | 31 +140 -124  -9506 
33 +139 +1793 -15579 —4741 | 16 +116 +56  -6646 -22096 | 33 +188 +44  -6978 
35 +173 +3885 +7881 --2331 | 17 +149 +527 -307I -18241 | 35 +239 +245  -2983 
37 +209 +6327 +40071 +2109 | 18 +184 +1083 +2109 -8436 | 37 +293 +481 +2717 
39 +247 +9139 +8225г +9139 | 19 +221 +1729 +9139 +9139 | 39 +350 +754 +10374 +201055 
20 +260 +2470 +18278 +36556 | ді +410 +1066 +20254 +749308 
21,320 644,482,280 В 47,900,710 10,376,164,708/24,682 9,075,924  4,389,117,671,484 
567,112 49,625,135,560 641,732 2,481,256,778 1,629,012 3,084, 805,724 
Св y її з te 2 4 Ys vo 19811 E Ys 10 
43 ча 45 
Єз dan | ез e. 86161 з £s =. Вр а ба £s е £5 
о -154 о +10626 о | т -161 -483 +5796 +1380 | о -506 о +9108 E 
I -153 -46 +10396 --8740| 3 -150 - 1439 +5556 +4060] т -503 -252 +8928 +4500 
2, —150  -91 +9713 +16048) 5 —155 -2365 +5083 +6503 | 2 -494 -499 +8393 +8750 
3 -145 —34 +8598 +24113 | 7 -149 -3241 +4391 +8561 | 3 -479 -736 +7518 +12509 
4 5138 -174 +7086 +29766 | 9 —141 -4047 +3501 «10101 | 4 -458 -958 +6328 +15554 
5 -12) -210 +5226 +335ог | II —I31 -4763 +2441 +11011 | 5 -431 -1160 +4858 417689 
6 -118 -241 -t3o8r +34996 | 13 —119 -5369 +1246 +11206 | 6 -398 -1337 +3153 +18754 
7 -105 -266 +728 +34034 | I5 -105 -5845 -42 +10634 | 7 -359 -1484 +1268 +18634 
8 -до -284 -1742 +30524 | 17 -89 -6171 -1374 +9282 | 8 -314 -1596 -732 +17268 
9  -73 -294  -4224 +24522 10 -71 -6327 -2694 +7182 | 9 -263 -1668  -2772 414658 
10  -54 -295  -6599 +16252 | 21 -51 -6203 -3939 +441] | 10 -206 -1605 -4767 +10878 
11  -33 -286  -8734 +6127 | 23 -29 -6049  -5039 +1127 | 11 -143 -1672  -6622 +6083 
12 -10 -266 -10482 -5230 | 25 -5 -5575  —5917  -2485 | 12 -74 -1594 -8232 +518 
13 +15 -234 -11682 -16965 | 27 +21 -4851 -6489 -6147|13 +1 -1456 -9482 75473 
14 +42 -189 -12159 -27972 | 29 +49 -3857  -6664 | -9512 | 14 +82 - 1253 -10247 11438 
15 +71 -130 -11724 -36872 | 31 +79 -2573 -6344 -12152| 15 +169  -98o -10392 -16808 
16 +102 -56 -10174 -41992 | 33 +111 -979 | -5424 -13552 | 16 +262  -632  -9772  -20888 
17 +135 +34  —7292 -41344 | 35 +145 +945  -3792 -131:04| 17 +361  -204 -8232  -22848 
18 +170 +141 -2847 -32604 | 37 +181 +3219 -1329 -тогог | 18 +466 +309 | -5бо7 -21714 
19 +207 +266 +3406 —13091 | 39 +219 +5863 +2091 -3731 | 19 +577 +912  -1722  - 16359 
ЕН =. ЭЭ Бур Toni 41 +259 +8897 +6601 +6929 | 20 +694 +1610 +3608: -5494 
70889 | 43 +301 +12341 +12341 +22919 | 21 +817 +2408 +10578 +12341 
| 22 +946 +3311 +19393 +38786 
6,622 2,676,234 30,541,600,644 28,389 1,257,829,980 4,162,273,752|7,590 92,036,340 12,006,558,900 
: 814,506 dte 913,836 „ 5173974648 9,203,634 036.650 
à 9 2 E E Ji $ ҮЗ 0 
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эн ppo зор ели иди pus "ум uoa зор £/(1—z 2), 51 (,3)$ Јо опа oup "poumuo st 1,3 spremuo шой зүр шолд 


а ов t о NS ee, и 
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о0218855552:246 ооу“ 812011, обо от rSh t4 оо оёг дот 02151125 68 02561 ogo‘ozg'z6 | lozi'toi'6zo'g 022766 lobg‘ggg*biz‘dz осб'єоб'бей 
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TABLE XXIV. CALCULATION OF INTEGRALS FROM EQUALLY SPACED ORDINATES 


Each panel over which the integral is required is divided by calculated ordinates into a number of sub-panels, usually 
ап even number, and often a power of 2. The formula may involve only internal and terminal ordinates, or also adjacent 
external ordinates. Ordinates equidistant from the centre have equal coefficients. The central coefficient is the last given, 


Чун of | No едын | isn Ое ерон роман, 
© 2 1,4 6 -1, 34, 114 180 
4 7,32, 12 до -4, 171, 612, 332 1890 
6 41, 216, 27, 272 840 -9, 482, 1908, 774, 2090 8400 
L. Н | 
Equally we may use the central ordinate and its even differences with the following coefficients : 
hepar UE. А " 
2 т 016 -:005 +00066 1375 —'ооото 141 *оооот 76 
4 т 0:66 .077  -'оо2іт 6402 00022 928 —00003 31 
6 I 1°50 "550 +04880 9524 | -"00107 143 *ooo10 28 
8 т 2:66 rori -48677 2486 “03488 536 — 00063 28 
то т 416 4:861 2278439153 “44587 743 :02683 41 | 


When the number of sub-panels is large, Gregory’s formula, in terms of terminal differences, is valuable : 
* 
[fette eff <. Н) 
о 
= —a (sf ifo) -al Afat 9/9) as (45-5 — 2/9) = a (f i Ao) ++ 


where a, is the coefficient of а" in the expansion of —1/log (1—2). 


Values of ај to 416 


І ; “08333 5 “01426 91799 9 “00678 585 13 "00421 5 
2 +04166 6 “01136 73942 то "00592 406 14 "00382 7 
3 "02038 7 *00935 6537 її “00523 67 15 “00350 
4 “01875 8 "00789 2554 12 *00467 75 16 *00321 
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TABLE ХХУ. LOGARITHMS 


о т 2 3 4 5 7,225: 7 8 9 ра З 4 5 
аана 
“ооо00 00432 оо8бо 01284 01703 — - — - = 43 85 128 140 213 
— — — = = 02119 02531 02938 03342 03743 | 4! 81 122 162 203 
“04130 04532 04922 05308 05600 = = = = — 139 78 116 155 104 
р - - — - обото 06446 06819 07188 07555 | 37 74 111 148 186 
+07918 08279 08636 08991 09342 - — — == — 36 71 107 142 178 
- - — — — 09691 10037 10380 10721 11059 | 34 68 103 137 171 
"11394 11727 12057 12385 12710 = ت‎ cá == =% 33 66 99 132 164 
— - = — = 13033 13354 13672 13988 14301 | 32 63 95 127 158 
“14613 14922 15229 15534 15836 — = Em = ET 31 бї 2 I22 153 
- = - - - 16137 16435 16732 17026 17310 | 309 59 89 118 148 
*17609 17898 18184 18469 18752 = = 2 ae = 29 57 86 114 143 
- - - - =- 19033 19312 19590 19866 20140 | 28 55 83 111 138 
*20412 20683 20952 21219 21484 22 54 80 107 134 
- - - - - 21748 22011 22272 22531 22789 | 26 52 78 104 130 
“24045 23300 23553 23805 24055 - - - — - |25 so 76 тог 126 
T gn = хан та 24304 24551 24797 25042 25285 | 25 49 74 98 123 
"25527 25768 26007 26245 26482 2 — — — — 24 48 72 96 119 
— - - - - 26717 26951 27184 27416 27646 | 23 40 70 93 110 
“27875 28103 28330 28556 28780 = — — — — 23 45 69 оо 113 
- - — - - 29003 29226 20447 29667 29885 | 22 44 66 88 шо 
"30103 30320 30535 30750 30963 31175 31387 31597 31806 32015 | 21 42 64 85 106 
"32222 32428 32634 32838 33041 33244 33445 33646 33846 34044 | 20 4o 61 81 тої 
“34243 34439 34635 34830 35025 . 35218 35411 35603 35793 35984 | 19 39 58 77 97 
“36173 36361 36549 36736 36022 | 37107 37201 37475 37658 37840 | 19 37 56 74 93 
| “38021 38202 38382 38561 38739 38917 39094 39270 39445 39620 | 18 36 53 71 89 
"39194 39967 40140 40312 40483 40654 40824 40003 41162 41330 | 17 34 51 68 85 
«41497 41664 41830 41996 42160 42325 42488 42651 42813 42975 | 16 33 49 66 82 
"43136 43297 43457 43616 43775 43933 44091 44248 44404 44560 | 16 32 47 63 79 
"44116 44871 45025 45179 45332 45484 45637 45788 45939 46090 | 15 31 46 б 70 
“46240 46389 46538 46687 46835 46982 47129 47276 47422 47567 | 15 20 44 59 74 
"47712 41857 48001 48144 48287 | 48430 48572 48714 48855 48996 | 14 29 43 57 7! 
49136 49276 49415 49554 49693 | 49831 49969 50106 50243 50379 | 14 28 41 55 09 
"50515 50651 50786 50020 51055 | 51188 51322 51455 51587 51720 | 13 27 40 54 67 
"51851 51983 52114 52244 52375 52504 52634 52763 52892 53020 | 13 26 39 52 65 
153148 53275 53403 53529 53656 53782 53908 54033 54158 54283 | 13 25 38 50 63 
154407 54531 54654 54777 54900 55023. 55145 55267 55388 55509 | 12 24 37 49 61 
“55630 55751 55871 55901 56:10 | 56229 56348 56467 56585 56703 | 12 24 36 48 бо 
"56820 56937 57054 57171 57287 57403 57519 57634 57749 57864 12 23 35 46 58 
757978 58092 58206 58320 58433 58546 58659 58771 58883 58995 | 11 23 34 45 56 
"5910б 50218 59329 50439 59550 ^ 59660 59770 50879 59988 60097 | її 22 33 44 55 
| "бозоб 60314 60423 60531 60638 60746 60853 60959 61066 61172 | її 21 24 43 54 
"61278 61384 61490 61595 61700 61805 61909 62014 62118 62221 | 10 21 31 42 52 
“62325 62428 62531 62634 62737 62839 62941 63043 63144 63246 | то 20 31 | 41 5I 
"63347 63448 63548 63649 63749 63849 63949 64048 64147 64246 | то 20 30 40 50 
564345 64444 64542 64640 64738 64836 64933 65031 65128 65225 | то 20 2 39 49 
"65321 65418 65514 65610 65706 6580: 65896 65992 66087 66181 то І 2 8 8 
“60276 66370 66464 66558 66652 66745 66839 pue бол 67117 | 9 С 28 i s 
*67210 67302 67394 67486 67578 67669 67761 67852 67943 68034| 9 18 27 37 46 
"68124 68215 68305 68395 68485 68574 68664 68753 68842 68931 | 9 18 27 36 45 
*69020 69108 69197 69285 69373 69461 69548 69636 69723 60810 | 9 18 26 35 44 
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TABLE XXV. LoGARITHMS—continued 


о І 2 3 4 5 6 7 8 9 
69897 69984 70070 70157 70243 70329 70415 70501 70586 70672 
79757 70842 70927 71012 71096 | 71181 (71265 71349 71433 71517 
71600 71684 71767 71850 71933 72016 72099 72181 72263 72346 
72428 72509 72591 72673 72754 72835 72916 72997 73078 73159 
73239 73320 73400 73480 73560 73640 73719 73799 73878 73957 
74036 74115 74194 74273 14351 74429 74507 74586 74603 74741 
74819 74896 74974 75051 75128 75205 75282 75358 75435 75511 
75587 75664 75740 75815 75891 75967 76042 76118 76193 76268 
76343 76418 76492 76567 76641 76716 76790 76864 76938 77012 
77085 77159 77232 77395 77379 77452 77525 77597 77679 77743 
77815 77887 77960 78032 78104 78176 78247 78319 78399 78462 
78533 78604 78675 78746 78817 78888 78958 79029 79099 79169 
79239 79309 79379 79449 79518 79588 79657 79727 79796 79865 
79934 80003 80072 80140 80209 80277 80346 80414 80482 80550 
80618 80686 80754 80821 80880 80956 81023 81000 81158 81224 
81291 81358 81425 81491 81558 81624 81690 81757 81823 81889 
81954 82020 82086 82151 82217 82282 82347 82413 82478 82543 
82607 82672 82737 82802 82866 82930 82995 83059 83123 83187 
83251 83315 83378 83442 83506 83569 83632 83696 83759 83822 
83885 83948 З4отт 84073 84136 84198 84261 84323 84386 84448 

484510 84572 84634 84696 84757 84819 84880 84942 85003 85065 
"85126 85187 85248 85309 85370 85431 8540: 85552 85612 85673 
“85733 85794 85854 85914 85974 | 86034 86094 86153 86213 86273 
86332 86392 86451 86510 86570 86629 86688 86747 86806 86864 
86923 86982 87040 87099 87157 87216 87274 87332 87390 87448 
87506 87564 87622 87679 87737 87795 87852 87910 87967 88024 
88081 88138 88195 88252 88309 88366 88423 88480 88536 88593 
88649 88705 88762 88818 88874 88930 88986 89042 89098 89154 
80200 89265 89321 89376 89432 | 89487 89542 89597 89653 80708 
89763 89818 89873 89927 89982 90037 90091 90146 90200 090255 
90309 90363 90417 90472 90526 | 00580 00634 90687 90741 99795 
90849 90902 90056 91009 91062 91116 91169 91222 91275 91328 
91381 91434 91487 91540 91593 91645 91698 91751 91803 91855 
91908 91960 92012 92065 92117 92169 92221 92273 92324 92376 
92428 92480 92531 92583 92634 92686 92737 92788 92840 92891 
92942 92993 93044 93095 93146 93197 93247 93298 93349 93399 
93450 93500 93551 93601 93651 093702 93752 93802 93852 93902 
93952 94002 94052 94101 94151 | 94201 04250 94300 94349 94399 
94448 94498 04547 94596 94645 94694 94743 094792 94841 94890 
94939 94988 95036 95085 95134 | 95182 95231 95279 95328 95376 
05424 95472 95521 95569 95617 095665 95713 (98761 95809 95856 
95004 95952 95999 96047 96095 96142 96190 96237 96284 96332 
96370 96426 96473 96520 96567 96614 9666: 96708 96755 96802 
96848 96895 96042 96988 97035 9708: 97128 97174 97220 97267 
97313 97389 97405 97451 97497 97543 97589 97635 97681 97727 
97772 97818 97864 97909 97955 08000 98046 98001 98137 98182 
-98227 98272 98318 98363 98408 098453 98498 98543 98588 98632 
08677 98722 98767 98811 98856 08000 98945 08089 99034 99078 
99123 99167 99211 99255 99300 99344 99388 99432 99476 99520 
99564 99607 99651 99695 99739 99782 99826 90870 99913 99957 


зара мила ке л бл бл бл бл HADDAD С С ФС С ССС ways ws бо бо бо Со 00 00 0940 


оосоч«о« «ооо 


19 


19 
19 


220727 


212026 


204022 


= 


"96611 


= 


"89712 


1:83258 


"77196 


"71480 


766073 


= 


160944 
* 56065 
"51413 
“46968 
“42712 


- ново 


-38629 
"34707 
730933 
"27297 
"23787 
1:20397 
1:17118 
1:13943 
I 
I 


ынын ы 


*10866 
*0788т 


1:04982 
102165 
299425 
0:96758 
о'94161 


о'91629 
О:801бо 
0:86750 
0:84397 
0:82008 


079851 
0:77653 
0'75502 
073397 
0"71335 


TABLE XXVI. 


3 
27393 


18037 


09557 


о1741 


94401 


87732 


8т4от 


75440 


69827 


64507 


59455 
54646 
50058 
45672 
41469 


37437 
33560 
29828 
26231 
22758 


19402 
16155 
13010 
09961 
07002 


04129 
91335 
98618 
95972 
93395 


90882 
88431 
86038 
83702 
81419 
79186 
71003 
74866 
72774 
79725 


NATURAL LOGARITHMS 


Negative Values, Decreasing 


4 
26336 


17156 


08747 


00992 


93794 


87080 
$0789 
74870 
69282 


63990 


58964 
54178 
49611 
45243 
41059 


37042 
33181 
29463 
25878 
22418 


19973 
15836 
тајот 
о066т 
о6711 


03846 
отобо 
98350 
95711 
93140 


90634 


88189 
85802 
83471 
81193 
78966 
76787 
74655 
72567 
70522 


5 


25379 


16282 


97944 


00248 


93102 


86433 


80181 


74297 


68740 


63476 


58475 
53712 
49165 
44817 
40650 


36649 
32803 
29098 
25527 
22078 


18744 
15518 
12393 
09362 
06421 


©3564 
09786 
98083 
95451 
92887 


90387 
87948 
85567 
83241 
80968 


78746 
76572 
74444 
72361 
70320 


6 


24432 


15417 


07147 


99510 


92415 


85790 


79577 
73727 
08201 


62964 


57988 
53248 
48722 
44392 
40242 


36258 
32426 
28735 
25176 
21740 


18417 
15201 
12086 
09064 
06132 


03282 
00512 
97817 
95192 
92634 


90140 
87707 
85332 
83011 
80744 


78526 
76357 
74234 
72155 
70118 


7 8 9 т 2 3 4 5 
— — — |98 196 294 392 490 
23493 22562 21641 | 93 187 280 374 407 
— — — |89 179 268 357 440 
14558 13707 12863 | 85 171 256 342 427 
cA = — 82 164 246 328 410 
06357 05573 04794 | 79 158 236 315 394 
m = — 176 152 “227 303 379 
98777 98050 97328 | 73 146 219 202 365 
= = - то 2141 211 282 352 
91732 91054 90381 | 68 136 204 272 340 
- -- - 66 132 197 203 329 
85151 84516 83885 | 64 127 191 255 318 
а e — |62 123 185 247 309 
78976 78379 77786 | бо 120 180 240 299 
— -- -- 58 116 174 233 291 
73161 72597 72037 | 56 113 170 226 282 
— — — 55 IIO 165 220 275 
67665 67131 66601 | 53 107 160 214 207 
— — — 52 104 150 208 260 
62455 61949 01445 | 51 102 152 203 254 
57504 57022 56542 | 49 98 147 196 245 
52786 52326 51868 | 47 93 140 187 233 
48281 47841 47403 | 45 89 134 178 223 
43970 43548 43129 | 43 85 128 171 213 
39837 39433 39030 | 41 82 123 164 205 
35868 35480 35093 | 39 79 118 157 196 
32051 31077 31304 | 38 76 113 15: 189 
28374 28013 27654 | 36 73 109 140 182 
24827 24479 24133 | 35 70 105 141 176 
21402 21000 20731 | 34 68 102 136 170 
18091 17766 1744т | 33 66 .99 131 164 
14885 14570 14256 | 32 64 95 127 159 
11780 11474 11170| 31 . 62 92 123 154 
08767 08471 08176 | 30 бо до 120 149 
05843 05555 05268 | 29 58 87 116 145 
03002 02722 02443 | 28 56 85 113 141 
00239 99967 99696 | 27 55 82 110 137 
97551 97286 97022 | 27 53 80 107 134 
94933 94675 94418 | 26 2 78 104 130 
92382 92130 91879 | 25 51 76 тої 127 
89894 80049 80404|25 49 74 99 124 
87467 87227 86988 | 24 48 72 06 121 
85097 84863 84630|24 47 71 94 118 
82782 82554 82326|23 46 69 2 H$ 
80520 80296 80073 | 22 45 68 оо 112 
78307 78089 77871 | 22 44 66 88 rro 
76143 75929 75715 | 22 43 65 86 108 
74024 73814 73605 | 21 2 63 84 105 
11949 71744 71539 | 21 41 62 83 103 
69917 69716 69515 | 20 до бт 81 roi 


log, 10 = 2:30259, log, 100 = 4'60517, log, 1000 = 6:90776 
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TABLE XXVI. 


NATURAL LOGARITHMS—continued 
Negative Values, Decreasing 


12059, ї 2 3 4 5 6 7 8 9 1 2 3 
"go | о:69315 б0115 68916 68717 68518 68320 68122 67924 67727 67531 | 20 до 59 
51 | 0:67334 = 67139 66943 66748 66553 66359 66165 65971 65778 65585 | 19 39 58 
-52 | 0'65393 65201 65009 64817 64626 64436 64245 64055 63866 63677 | 19 38 57 
-53 | 0'63488 63299 63111 62923 62736 62549 62362 62176 61990 61804 | 19 37 56 
"54 | о"бтбто 61434 61249 61065 бо88т 60697 60514 60331 60148 59966 | 18 37 55 
*55 | 059784 59602 59421 59240 59059 | 58879 58699 58519 58340 58161 | 18 36 54 
56 | 057082 57803 57625 57448 57270 | 57093 56916 56740 56563 56387 | 18 35 53 
"51 | 056212 56037 56862 55087 55513 55339 55165 54991 54818 54645 | 17 35 52 
"58 | 0:54473 54300 54128 53957 53785 53614 53444 53273 53103 52933 | 17 34 51 
*59 | о"52763 52594 52425 52256 52088 51919 51751 51584 51416 51249 |171 34 50 
бо) о"5тоВ3 50916 50750 50584 50418 50253 50088 49923 49758 49594 | 17 33 50 
"61 | огд0430 49266 49102 48939 48776 48613 48451 48289 48127 47965 | 16 33 49 
“62 | 0'47804 47642 47482 47321 47160 47000 46840 46681 46522 46362 | 16 32 48 
"03 | 046204 46045 45887 45728 45501 45413 45256 45099 44942 44785 | 16 32 47 
"64 | о"44629 44473 44317 44161 44006 43850 43696 43541 43386 43232 | 16 3I 47 
"65 | 0'43078 42925 42771 42618 42465 42312 42159 42007 41855 41703 | 15 31 46 
*66 0:41552 41400 41249 41098 40047 49797 40647 40497 40347 40197 | 15 3° 45 
"67 | 040048 39899 39750 39601 39453 39394 39156 39008 38861 38713 | 15 30 44 
108 | 038566 38419 38273 38126 37980 | 37834 37688 37542 37397 37251 | 15 29 44 
"69 | о"зутоб 36962 36817 36673 36528 36384 36241 36097 35954 35819 | 14 29 43 
"то | 035668 35525 35382 35240 35098 34956 34814 34672 34531 34390 | 14 28 43 
"ті | 034249 34108 33968 33827 33687 33547 33408 33268 33129 32989 | 14 28 42 
"72 | 0'32850 32712 32573 32435 32296 32158 32021 31883 31745 31608 | 14 28 41 
"13 | 0:31471 31334 31197 31061 30925 30788 30653 30517 30381 30246 | 14 27 41 
"74 | одоїїї 29975 29841 20700 20571 29437 29303 29169 20035 28902 | 13 27 40 
“75 | ог28768 28635 28502 28369 28236 28104 27971 27839 27707 27575 | 13 27 40 
"76 | 0127444 27312 27181 27050 26919 26788 26657 26527 26397 26266 | 13 26 39 
77 | 026136 26007 25877 25748 25618 25489 25360 25231 25103 24974 | 13 26 39 
"78 | ог24846 24718 24590 24462 24335 24207 24080 23953 23826 23699 | 13 25 38 
"19 | 0'23572 23446 23319 23193 23067 22941 22816 22690 22565 22439 | 13 2 38 
"Зо | ог22314 22189 22065 21940 21816 21691 21567 21443 21319 21196 | 12 25 37 
"Вт | 0.21072 20049 20825 20702 20579 20457 20334 20212 20089 19967 | 12 25 37 
"82 | 019845 19723 19601 19480 19358 19237 19116 18995 18874 18754 | 12 24 36 
"83 | 018633 18513 18392 18272 18152 18032 17913 17793 17674 17555 | 12 24 36 
"84 | o'17435 17316 17198 17079 16960 16842 16724 16605 16487 16370 | 12 24 36 
"85 | 016252 16134 16017 15900 15782 15665 15548 15432 15315 15199 | 12 23 35 
"86 | 015082 14966 14850 14734 14618 14503 14387 14272 14156 14041 | 12 23 35 
487 | o'13926 13811 13697 13582 13467 13353 13239 13125 13011 12897 | 11 23 34 
"88 | o*12783 12670 12556 12443 12330 12217 12104 11991 11878 11766 | 1 23 3 
«89 | о'тіб53 11541 11429 11317 11205 11093 10981 10870 10759 10647 | 11 22 34 
"до | 0'10536 10425 10314 10203 10093 09982 00872 09761 09651 00541 | 11 22 33 
"от | 0'09431 09321 09212 09102 08992 08883 08774 08665 08556 08447 | 11 22 33 
"92 | 0'08338 08230 08:21 08013 07904 07796 07688 07580 07472 07365 | 11 22 32 
“03 | 007257 07150 07042 06035 06828 06721 06614 06507 обдої 06204 | II 21 32 
"04 | о'обі88 06081 05975 05869 05763 05657 05551 05446 05340 05235 | 11 21 32 
“95 | 005129 05024 04919 04814 04709 04604 04500 04395 04201 04186 | то 21 31 
-96 | 0104082 03978 03874 03770 03666 03563 03459 03356 03252 03149 | 10 21 31 
-97 | 0'03046 02943 02840 02737 02634 02532 02429 02327 02225 02122 | 10 21 ЗП 
-98 | о'огого 01918 01816 01715 01613 OISII 01410 01309 01207 01106 | 10 20 30 
-99 | о"отоо5 00904 00803 00702 00602 ообот оодот 00300 00200 оотоо | 10 20 30 


log, 10,000 = 9:21034, log, 100,000 = 11551203, log, 1,000,000 = 1331551 
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TABLE XXVI. NATURAL LoGARITHMS—continued 


о І 2 3 4 5 6 7 8 9 T ay) СМ ЯР ЯЗ 

огооооо 00 01980 02956 03922 98° 196 294 392 490 

А. возі 04879 05827 06766 07696 08618 | 93 187 280 374 407 

0*09531 10436 11333 12222 13103 = = — — — 89 179 268 357 446 

^ 13976 14842 (15700 16551 17395 | 85 171 256 342 427 

0:18242 19062 19885 20701 21511 82 164 246 328 410 

- 22314 23111 23902 24686 25464 | 79 158 236 315 394 

026236 27003 27763 28518 29267 76 152 227 393 379 

5 43 23 та ра 39019 30748 31481 32208 32930 | 73 146 219 202 305 

0'33647 34359 35066 35767 36464 x E = = — | 70 14r 211 282 352 

= кз е „шы. 37156 37844 38526 39204 39878 | 68 136 204 272 340 
040547 41211 41871 42527 43178 | 66 
> SS a E 43825 44469 45108 45742 46373 | б4 
047000 47623 48243 48858 40470 | 62 
BS — <= — — 50078 50682 51282 51879 52473 | бо 
0:53063 53649 54232 54812 55389 = = = = 58 
= — - — = 55962 56531 57098 #57661 58222 | 56 
0:58779 59333 59884 60432 60977 = = = = ae RI 
— — — -- — 61519 62058 02504 03127 63658 | 53 
o'64185 64710 65233 65752 66269 = = те і = 2 
- - — — — 66783 67294 67803 68310 68813 | 51 
069315 69813 70310 7080) 71295 71784 72271 72755 73237 73716 | 49 
0:74194 74669 75142 75612 76081 76547 77011 77473 77932 78390 | 47 
078846 79299 79751 80200 80648 81093 81536 81978 82418 82855 | 45 
0:83291 83725 84157 84587 85015 85442 85866 86289 86710 87129 | 43 
0:87547 87963 88377 88789 89200 89609 90016 90422 90826 01228 | 41 
091629 92028 92426 02822 93216 93609 94001 94391 94779 95166 | 39 
0:95551 95935 96317 96698 97078 097456 97833 98208 98582 98954 | 38 
0°99325 99695 00063 00430 00796 01160 01523 01885 02245 02604 | 36 
1102962 03318 03674 04028 04380 04732 05082 05431 05779 06126 | 35 
106471 06815 07158 07500 07841 08181 08519 08856 09192 09527 | 34 
109861 10194 10526 10856 11186 11514 11841 12168 12493 12817 | 33 
113140 13462 13783 14103 14422 14740 15057 15373 15688 16002 | 32 
116315 16627 16938 17248 17557 17865 18173 18479 18784 19089 | 31 
14193092 19695 19996 20297 20597 20896 21194 21401 21788 22083 | 30 
1223178 22671 22964 23256 23547 23837 24127 24415 24703 24990 | 29 
1125276 25562 25846 26130 26413 26695 26976 27257 27536 27815 | 28 
1280903 28371 28647 28923 20108 29473 29746 30019 30291 30563 | 27 
1:30833 31103 31372 31641 31909 32176 32442 32708 32972 33237 | 27 
133500 33763 34025 34286 34547 | 34807 35067 35325 35594 35841 | 26 
136098 36354 36609 36864 37118 37372. 37624 37877 38128 38379 | 25 
138629 38879 39128 39377 39624 39872 40118 40364 4o6ro 40854 | 2 
L41099 41342 41585 41828 42070 42311 42552 42792 43031 43270 | 24 
143508 43746 43984 44220 44456 44692 44027 45161 45395 45629 | 2 
1145862 46094 46326 46557 46787 47018 47247 47476 47705 47933 23 
148160 48387 48614 48840 49065 49200 49515 49739 40062 50185 | 22 
1:50408 50630 50851 51072 51293 51513 51732 51951 52170 52388 | 22 
152606 52823 53039 53256 53471 53687 53002 54116 54330 54543 | 22 
1:54756 54969 55181 55393 55604 || 55814 56025 56235 56444 56653 | 21 
1'56862 57070 57277 57485 57691 57898 58104 58300 58515 58719 | ai 
158024 59127 59331 59534 59737 59939 Gor4r 60342 60543 60744 20 


Іор, 10 = 2۰30259, log, 100 = 4-60517, log, 1000 = 6:90776 
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TABLE ХХУЇ. NATURAL 


LOGARITHMS—continued 


9 2 З 3 4 5 6 7 8 9 сэ СО 3 
то 160944 61144 61343 61542 61741 61939 62137 62334 02531 62728 го 40 59 79 99 
51 1:62924 63120 63315 63511 03795 63900 64094 64287 64481 64673 19 39 58 78 97 
52 1.64866 65058 65250 “65441 65632 65823 66013 66203 66393 66582 | 19 38 57 76 95 
53 | 166771 66959 67147 67335 67523 67710 67896 68083 68269 68455 | 19 37 56 75 94 
54 168640 68825 боото 69194 69378 69562 69745 69928 потат 70293 18:37: 55 93192 
55 170475 70656 70838 71019 71199 71380 71560 71740 71019: 72098 18 36 54 72 90 
56 | 172277 72455 72633 72811 72988 | 73166 73342 73519 73605 73871 18 35 53 71 89 
Вай r74047 74222 74397 7457? 74746 74920 75094 75267 75440 75613 17 35 52 79 87 
58 175786 75056 76130 76302 70473 76644 76815 76985 77156 77326 17 34 51 68 86 
59 | 177495 77665 77834 78002 78171 78339 78507 78675 78842 79099 | 17 34 50 67 84 
б'о 1.79176 79342 79509 79675 79840 80006 80171 80336 80500 80065 ту 33 50 66 83 
6*1 180829 80993 81156 81319 81482 81645 81808 81970 82132 82204 16 33 40 65 81 
6-2 r82455 82616 82777 82038 83008 83258 83418 83578 83737 83806 16 32 48 64 80 
63 1:84055 84214 84372 84530 84088 84845 85003 85160 85317 85473 16 32 47 63 19 
6:4 185630 85786 85942 86097 86253 86408 86563 86718 86872 87026 16 31 47 62 78 
6:5 187180 87334 87487 87641 87794 87047 88009 88251 88403 88555 15 31 46 бі 76 
6:6 188707 88858 89010 89160 80311 89462 89612 89762 89912 дообї 15 30 45 60 15 
6-7 1-д0211 90360 90509 99658 90806 90954 91102 91250 91398 91545 15 30 44 59 74 
6:8 1191692 91839 91986 92132 92279 92425 92571 92716 92862 93007 15 29 44 58 73 
69 193152 93297 93442 93586 93739 93874 94018 94162 94305 94448 | 14 29 43 58 7? 
по | 1194591 94734 94876 95019 0516: | 95303 95445 95586 95727 95869 | 14 28 43 57 71 
TI 196009 96150 96291 96431 96571 96711 96851 96991 97130 97269 14 28 42 56 70 
T2 r97408 97547 97685 97824 97962 98100 08238 98376 98513 98650 14 28 41 55 69 
"3 1.98787; 98924 99061 99198 99334 99470 99606 99742 99877 00013 14 27 41 54 68 
74 2:00148 00283 00418 00553 оо687 00821 00956 01089 01223 01357 13 27 40 54 67 
585 г'отддо 01624 01757 01890 02022 о2155 02287 02419 о2551 02083 13 27 40 53 66 
T6 202815 02946 03078 03209 03349 03471 03601 03732 03862 03992 13 26 39 52 65 
МЕД 2104122 04252 04381 04511 04640 04769 04898 05027 05156 05284 13 26 39 52 65 
78 2:05412 05540 05008 05796 05924 обозт 06179 06306 06433 06560 13 25 38 51 64 
79 2:06686 06813 06039 о7065 07101 07317 07443 07568 07604 07819 13 25 38 50 63 
8:0 2707944 08069 08104 08318 08443 08567 08691 08815 08939 09063 12 25 37 50 62 
8-1 2.09186 09310 00433 09556 09679 о0802 00024 10047 10169 10291 12 25 37 49 61 
8*2 210413 10535 10657 19779 10900 їїо21 11142 11263 11384. 11505 12 24 36 49 бї 
83 211626 11746 11866 11986 12106 12226 12346 12465* 12585 12704 12 24 36 48 бо 
8:4 2:12823 12942 13061 13180 13298 13417 13535 13653 13771 13889 12 24 36 47 59 
8-5 214007 14124 14242 14359 14476 14593 14710 14827 14943 15060 12: 23 35 y 58 
8-6 215176 15292 15409 15524 15640 15756 15871 15987 16102 16217 12 23 35 Ч 5 
8-7 2:16332 16447 16562 16677 16791 16905 17020 17134 17248 17361 11 24 34” 4 g 
8:8 2:17475 17589 17702 17816 17929 18042 18155 18267 18380 18493 13-423 34 45 + 
8'9 2:18604 18717 18830 18942 19054 19165 19277 19389 19509 19611 їт йа ЗАБИ 
о 219722 198 1 20055 20166 20276 20387 20497 20607 20717 11 22 33 44 55 
d зай о Цэг 21157 21266 21375 21485 21594 21703 21812 11 22 33 44 55 
9*2 2:21920 22029 22138 22246 22354 22462 22570 22678 22786 22894 11 22 2 43 54 
93 2: 23001 23109 23216 23324 23431 23538 23645 23751 23858 23965 Er Ar в E 54 
9'4 2:24071 24177 ` 24284 24390 24496 24601 24707 24813 24018 25024 Ir "op 32. 42 58 
E 2:25129 252 25 25444 25549 25654 25759 25863 25968 26072 то 21 31 42 52 
HE 2 па ae dd 26488 26592 26696 26799 26903 27006 27109 10 21 зі E: * 
9:7 227213 27316 27419 27521 27624 27727 21829 27932 28034 28136 то 2 A Ud i 
9:8 2:28238 28340 28442 28544 28646 28747 28849 28050. 29051 2: 10 2 15 2 z 
99 2:29253 29354 29455 29556 29657 29757 29858 20058 30058 3015 то 20 30 4 
log. 10,000 = 9:21034, log, 100,000 = 11:51293, log, 1,000,000 = 13:81551 Ы 
G 
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TABLE XXVI. NATURAL LoGARITHMS—continued 
о т 2 3 4 5 6 7 8 9 
(СЗ р А Ро УРОКИ Beker З НЕЕ ee 
2:30259 31254 32239 33214 34181 = = = ча С 
— — — = == 35138 36085 37024 37955 38876 
2:39790' 40605 41591 42480 43361 573 = 95 242 У 
= zx RE == = 44235 45101 45959 46810 47654 
2:48491 49321 50144 50960 51770 28 эх = зе = 
- - - - = 52573 53370 54160 54045 55723 
2'56495 57261 58022 58776 59525 = > = 21 = 
== = = - - 60269 61007 61740 62467 63189 
2:63906 64617 65324 66026 66723 کے‎ — r =, ст 
- - - - -- 67415 68102 68785 69463 70136 
270805 71469 72130 72785 73437 x = ЊЕ та = 
mas == 23 = — 74084 74727 75366 76001 76632 
277259 77882 78501 79117 79728 = = = =. e 
— — — — — 80336 80940 81541 82138 82731 
2'83321 83908 84491 85071 85647 — Ll те = - | 
86220 86700 87356 87920 88480 
2'89037 89591 00142 90600 91235 — — == == == 
= Re ут 91777 92316 92852 03386 93916 
2:04444 94969 95491 96011 96527 
— = = = 25 97041 97553 98062 98568 99072 
2:09573 00072 00568 01062 01553 02042 02529 03013 03495 03975 
3:04452 04027 05400 05871 06339 06805 07269 07731 о8101 08649 
3709104 09558 10009 10459 10906 11352 11795 12237 12676 13114 
3:13549 13983 14415 14845 15274 | 15700 16125 16548 16969 17388 
317805 18221 18635 10048 19458 19867 20275 20680 21084 21487 
3:21888 2228) 22684 23080 23475 23868 24259 24649 25037 25424 
3:258:0 26194 26576 26057 27336 27714 28091 28466 28840 29213 
329584 29953 30322 30689 31054 31419 31782 32143 32504 32863 
333220 33577 33932 34286 34639 34990 35341 35600 36038 36384 
3:36739 37074 37417 37759 38099 38439 38777 39115 39451 39786 
3340120 40453 40784 41115 41444 41773 42100 42426 42751 43076 
343399 43721 44042 44362 44681 44999 45316 45632 45947 46261 
3'46574 46886 47197 47507 47816 48124 48431 48738 49043 49347 
3'49651 49953 50255 50556 50856 51155 51453 51750 52046 52342 
352636 52030 53223 53515 53806 | 54096 54385 54674 54962 55249 
355535 55820 56105 56388 56671 | 56953 57235 57515 57795 58074 
3'58352 58629 58906 59182 59457 59731 60005 60278 60550 60821 
361092 61362 61631 61899 62167 62434 62700 62966 63231 63495 
3:63759 64021 64284 64545 64806 €5066 65325 65584 65842 66099 
3:66356 66612 66868 67122 67377 67630 67883 68135 68387 68638 
3:68888 69138 69387 69635 69883 70130 70377 70623 70868 71113 
3:71357 71601 71844 72086 72328 72569 72810 73050 73200 73529 
3°73767 74005 74242 74479 74715 74950 75185 75420 75654 75887 
376120 76352 76584 76815 77046 77276 77506 77735 77963 78191 
378419 78646 78872 79098 79324 79549 79773 79997 80221 80444 
3:80666 80888 81110 81331 81551 81771 81991 82210 8242 
3:82864 83081 83298 83514 83730 83945 НА 84374 Шэн E 
3:85015 85227 85439 85651 85862 86073 86283 86493 86703 86912 
3°87120 87328 87536 87743 87050 88156 88362 88568 88773 88978 
3°89182 89386 89589 89792 89995 90197 90399 обоо 9o8or отоо? 


log,10—2:30259, log, 100 = 460517, log, 1000 = 6:00776 
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TABLE XXVI. NATURAL 
е т 2 3 4 5 

50 3'91202 91402 отбот 918or 91999 92197 
51 3-93183 93378 93574 93769 93964 94158 
52 | 29124 95316 95508 95700 95891 96081 
53 | 397029 97218 97406 97594 97781 97968 
54 | 398898 00083 99268 99452 99636 99820 
55 4:00733 00915 о1006 01277 о1458 о1638 
56 402535 02714 о2802 03069 03247 03424 
57 | 4704305 04480 04655 04830 05004 05178 
58 4:06044 06287 06389 06560 06732 06903 
59 4'07754 07923 08092 08261 08429 08598 
бо 4'09434 09601 09767 99933 10099 10264 
бт 4'11087 11251 11415 11578 11741 11904 
62 412713 12875 13036 13196 13357 13517 
63 | 414313 14472 14630 14789 14946 15104 
64 | 415888 16044 16200 16356 16511 16667 
65 | 417439 17592 17746 17899 18052 18205 
66 418965 19117 19268 19419 19579 19720 
67 4'20469 20618 20767 20916 21065 21213 
68 4" 21951 22098 22244 22391 22537 22683 
69 | 423411 23555 23700 23844 23989 24133 
јо | 424850 24992 25135 25277 25419 25561 
71 4°26268 26409 26549 26690 26830 26970 
2 | 427667 27805 27944 28082” 28221 28359 

73 | 429046 29183 20320 29456 29592 29729 
74 | 4'30407 30542 30676 30811 30946 31080 
75 | 431749 31882 32015 32148 32281 32413 
76 | 433073 33205 33336 33467 33508 9 
77 | 434381 34510 34640 34769 34899 35028 
18 | 435671 35799 35927 36055 36182 36310 
79 | 436945 87071 37198 37324 37450 37576 
80 | 438203 38328 38452 38577 38701 38826 
81 | 4:39445 39568 39692 39815 39938 40060 
82 440672 49794 40916 41037 41159 41280 
83 | 4°41884 42004 42125 42245 42365 42485 
84 | 443082 43201 43319 43438 43557 5 
85 | 444265 44383 " 41500 44617 44735 | 44852 
86 | 445435 45551 45667 45783 45899 | 46014 
87 | 44650: 46706 46820 46935 47050 47164 
88 | 4:47734 47847 47961 48074 48:87 48300 
89 | 448864 48070 49088 49200 49312 49424 
go | 4749981 50092 50203 50314 50424 50535 
от | 4751086 51196 51395 51415 51525 + 51034 
92 4'52179 52287 $2396 52504 52613 52721 
93 | 4'53260 53367 53475 53582 53689 53796 
94 | 4:54329 54436 54542 54648 54754 54860 
95 | 455388 55493 55598 55703 55808 55913 
96 | 4:56435 56539 56643 56747 50851 56954 
97 | 451411 57574 57677 51780 57883 57985 
98 | 458497 58599 58701 58802 58904 59006 
99 | 459512 59613 59714 59815 59915 60016 


6 


18358 
19870 
21361 
22829 
24276 


25793 
27110 
28496 
20865 
31214 


32546 
33860 
35157 
36437 
311791 
38950 
40183 
41401 
42604 
43793 


44969 
46130 
47278 
48413 
49536 


50645 
51743 
52829 
53993 
54966 
56017 * 
57058 
58088 


59107 
60116 


7 


92593 
94546 
96462 
98341 
00186 


01998 
93777 
05526 
07244 
08933 


10594 
12228 
13836 
15418 
16976 


18510 
20020 
21509 
22075 
24420 


25845 
27249 
28634 
30000 
31348 


32618 
33990 
35286 
36564 
37827 


39074 
40305 
41522 
42724 
43912 


45085 
40245 
47392 
48526 
49647 


50756 
51852 
52937 
$4010 
55071 


56122 
57161 
58190 
59209 
бо217 


LOGARITHMS—continued 


8 9 декани Зи 4 
92790 92986 | зо 49 59 79 
94739 94932 19 39 58 78 
96651 96840 | 19 38 57 76 
08527 98713 | 19 37 56 75 
00369 00551 | 18 37 55 73 
02177 02356 18 36 54 12 
03954 04130 18 35 53 71 
05699 05872 17 35 52 70 
07414 07584 | 17 34 51 68 
ogror 09268 17 34 50 67 
10759 10923 17 33 50 66 
12390 12552 16 33 49 65 
13995 14155 | 16 32 48 64 
15575 15132 | 16 32 47 63 
17131 17285 16 31 47 62 
18662 18814 15 31 46 бї 
20170 20320 15 30 45 бо 
21656 21804 15 30 44 59 
23120 23266 15 29 44 58 
24563 24797 14 29 43 58 
25986 26127 14 28 43 57 
27388 27528 14 28 42 56 
28772 28909 14) SOME 555 
30136 30271 14 27 41 54 
31482 31615 13 27 49 54 
забто 32942 13 27 40 53 
34120 34251 13 26 39 5? 
35414 35543 13 26 39 52 
36691 36818 13 25 38 51 
37952 38078 | 13 25 38 50 
39198 39321 та 25 37 50 
40428 4о550 | I2 25 37 49 
41643 41763 | 12 24 36 49 
42843 42963 12 24 36 48 
44030 44147 12 24 36 47 
45202 45318 12-253, 3544 
46361 46476 12 23 35 46 
47506 47620 т 23 34 46 
48639 48751 м 23 34 45 
49758 49870 ті 22 34 45 
50866 50976 11 22 33 44 
51061 52070 Ii 22 33 44 
53045 53152 11 22 32 43 
54116 5422 11 21 32 43 
55177 55282 11 21 32 42 
56226 56331 то 21 31 42 
57265 57368 то 21 31 АТ 
58292 58395 хо 21 з 4X 
59310 59411 то 20 30 АГ 
60317 боді? то го 30 40 


log, 10,000 = 921034; 


99 


log, 100,000 = 11:51293. 


log, 1,000,000 = 13:81551 


© оо: см PUNHO 


Io 


TABLE XXVII. SQUARES 


о 1 2 3 4 5 $ 7 8 9 
o І 4 9 16 25 36 49 64 81 
тоо її 144 169 196 225 256 289 324 361 
4оо 441 484 529 576 625 676 729 784 ә 841 
goo 961 1024 1089 1156 1225 1296 1369 1444 1521 
1600 1681 1764 1849 1936 2025 2116 2209 2304 2401 
2500 2бот 2704 2809 2916 - 3025 3136 3249 3364 3481 
3600 3721 3844 3969 4096 4225 4356 4489 4624 4761 
4900 5041 5184 5329 5476 5625 5776 5929 6084 6241 
6400 6561 6724 6889 7056 7225 7396 7569 7744 7921 
8100 8281 8464 8649 8836 9025 9216 9409 9604 9801 
10000 10201 10404 10609 10816 11025 11236 11449 11664 11881 
12100 12321 12544 12769 12996 13225 13456 13689 13924 14161 
14400 14641 14884 15129 15376 15625 15876 16129 16384 16641 
16900 17161 17424 17689 17956 18225 18496 18769 19044 19321 
19600 19881 20164 20449 20736 21025 21316 21609 21904 22201 

22500 22801 23104 23409 23716 24025 24336 24649 24964 
25600 25921 26244 26569 26896 27225 27556 27889 28224 

28000 29241 29584 29929 30276 30625 30976 31329 31684 3204 
32400 3276: 33124 33489 33856 34225 34596 34969 35344 35721 
36100 36481 36864 37249 37636 38025 38416 38809 39204 39601 
40000 додот 40804 41209 41616 42025 42436 42849 43264 43681 
44100. 44521 44944 45369 45796 46225 46656 47089 47524 | 47961 
48400 | 48841 | 49284 49729 50176 50625 51076 51529 51984 52441 
52900 533601 53824 542890 54756 55225 55690 56169 56644 57121 
57боо 58081 58564 59049 59536 боог5 60516 бтоод 61504 62001 
62500 63001 63504 64009 64516 65025 65536 66049 66564 67081 
67600 68121 68644 69169 69696 70225 79756 71280 71824 72361 
72900 | 73441 73984 74529 (75076 75625 * 76176 76729 77284 77841 
78400 78961 19524 80089 80656 81225 81796 82369 82944 83521 
84100 84681 85264 85849 86436 87025 87616 88209 88804 89401 
90000 добот 91204 91809 92416 93025 93636 94249 94864 95481 
96100 96721 97344 97969 98596 99225 99856 100489 101124 101761 
шань 103041 103684 104329 104976 105625 106276 106929 107584 108241 
то: a 10956: 110224 110889 111556 112225 112896 113569 114244 114921 
115600 116281 116964 117649 118336 110025 110716 120409 121104 121801 
pons 123201 123904 124609 125316 126025 126736 127449 128164 128881 
2 ОО. 130321 131044 131769 132496 133225 133956 134689 135424 136161 
136900 137641 138384 139129 139876 140625 141376 142129 142884 143641 
шлан цас 145924 146689 147456 148225 148996 149769 150544 151321 
52100 152881 153664 154449 155236 156025 156816 157609 158404 159201 
DM it ХН 162409 163216 164025 164836 165649 166464 167281 
бор Од За І нэг 170569 171396 172225 173056 173889 174724 | 175561 
х dg ЌЕ 2 sts 4 178929 179776 180625" 181476 182329 183184 184041 
4 DR : НА т о 187489 | 188356 189225 190096 190969 191844 192721 
93 9448т 195364 196249 197136 198025 198916 199809 200704 201601 
202500 203401 204404 205209 206116 207025 207936 8 
93 208849 209764 21068: 
211600 212521 213444 214369 215296 216225 2171568 218089 210024  21996r 
220900 221841 . 222784. 223729 224676 225625 226576 227529 228484 220441 
230400 231361 232324 233289 234256 235225 236196 237160 | 238144 239121 
240100 24108: 242064 243049 244036 245025 246016 247009 248004 249001 


————— ————— бо юэ... 
Exact squares of 4 figure numbers can be quickly calculated from the identity (2-52)? = ад ава, 


100 


TABLE ХХУП. SQUARES—continued 


о І 2 3 4 5 6 7 8 032 


50 250000 251001 252004 253009 254016 255025 256036 257049 258064 259081 
5I 260100 261121 262144 263169 264196 265225 266256 267289 268324 269361 

2 270400 271441 272484 273529 274576 275625 276676 277729 278784 279841 
53 28одоо 281961 283024 284089 285156 286225 287296 288369 289444 290521 
54 291600 292681 293764 294849 295936 297025 298116 299209 | 300304 301401 


55 302500 303601 304704 305809 306916 308025 309136 310249 311364 312481 
56 313600 314721 315844 316969 318096 319225 320356 321489 322624 323761 
57 324900 326041 327184 328329 329476 330625 331776 332920 334084 335241 
58 336400 | 431561 338724 339889 341056 342225 343396 344569 345744 346921 
59 348100 349281 350464 351649 352836 354025 355216 356409 357604  3588or 


бо 360000 361201 362404 363609 364816 366025 367236 368449 369664 370881 
бї 372100 373321 374544 375769 376996 378225 379456 380689 381924 383161 
62 384400 385641 386884 388129 389376, 390625 391876 393129 394384 395641 
63 396000 398161 399424 400689 401956 403225 404496 405769 407044 408321 
64 409600 410881 412164 413449 414736 416025 417316 418609 419904 421201 


65 422500 423801 425104 426409 427716 429025 430336 431649 432964 434281 
66 435600 436921 438244 439569 440896 442225 443556 444889 446224 447561 
67 448900 450241 451584 452929 454276 455625 456976 458329 459684 461041 
68 462400 463761 465124 466489 467856 469225 470596 471969 473344 474721 
69 476100 477481 478864 480249 481636 483025 484416 485809 | 487204 488601 


7° 490000 491401 492804 494209 495616 497025 498436 499849 501264 502681 
71 504100 505521 506944 508369 509796 511225 512656 514089 515524 516961 
72 518400 519841 521284 522729 524176 525625 527076 528529 529984 531441 
73 532900 | 534361 535824 537289 538756 540225 541696 543169 544644 546121 
74 547600 540081 550564 552049 553536 555025 556516 558009 559504 561001 


75 862500: 564001 565504 567009 568516 570025 571536 573049 574564 576081 
76 577600 579121 580644 582169 583696 585225 586756 588289 589824 | 591361 
77 802000 594441 595984 = 597529 599076 600625 6021716 603729 605284 606841 
78 608400 609961 611524 613089 . 614656 616225 617796 619369 620944 622521 
79 624100 625681 627264 628849 630436 632025 633616 635209 636804 638401 


80 640000 641601 643204 644809 646416 648025 649636 651249 652864 654481 
8r 656100 657721 659344 660969 | 662596 664225 665856 667489 669124 670761 
82 672400 674041 | 675684 677329 678976 680625 682276 083929. 685584 687241 
83 688000 690561 692224 693889 695556 697225 698896 70056) 702244 703921 
84 105600 707281 708964 710649 112336 714025 715716 717409 719104 720801 


85 722500 724201 725904 727609 729316 731025 732736: 734440 736164 +737881 
86 139600 741321 743044 744769 746496 748225 749956 751689 753424 755161 
87 786900 758641 760384" 762129 763876 765625 767376 769129 77088 772641 
88 774400 776161 777924 779689 781456 783225 784996 786760 788544 790321 
89 792100 793881 795664 797449 799236 . 801025 802816 804609 806404 808201 


go "| 810000 811801 813604 815409 817216 819025 820836 822640 824464 826281 
91 328100 829921 831744 833569 835396 837225 839056 840889 842724 844561 
92 846400 | 848241 850084 351929 853776 855625 857476 859329 861184 863041 
93 864900 866761 868624 870489 872356 874225 , 876096 877969 879844 881721 
94. 883600 885481 887364 889249 801136 803025 894916 806800 898704 дообот 


95 902500 904401 906304 908209 0910116 912025 913936 | 915849 917764 919681 
96 921600 923521 925444 927369 929296 931225 933156 935089 937024 938961 
97 940900 942841 944784 946729 948676 950625 952576, 954529 956484. 958441 
98 960400 962361 964324 966289 968256 970225 972196 974169 976144. 978121 
99 98oroo 982081 984064 986049 988036 . 990025 99201,6 994009 996004 99800r 


Thus 693-32 = 480249--415:8-009 = 48066489. ` 


IOI 


ей 


TABLE XXVIII. 


SQUARE ROOTS 


о Ж КУ 3 4 5 6 7 8 9 а S ч 5 
IO | 10000 10050 ТОГОО 10140 10198 10247 10296 10344 10392 10440| 5 10 15 20 24 
31623 31780 31937 32094 32249 32404 32558 32711 32863 33015 15 31 46 62 77 
ті | 10488 10536 10583 10630 10677 10724 10770. 10817 10863 10900| 5 9 14 19 23 
33166 33317 33466 33615 33764 33912 34059 34205 34351 34496 | 15 *3o 44 59 74 
12 | 10954 11000 11045 11001 11136 11180 11225 11269 11314 11358| 4 9 13 18 22 
34641 34785 34928 35071 35214 35355 35496 35637 35777 35917 | 14 28 43 57 7! 
13 | 11402 11446 11489 11533 11576 11619 11662 11705 11747 11700| 4 9 13 17 22 
36056 36194 36332 36469 36606 36742 36878 37014 37148 37283 | 14 27 41 55 6; 
14 | 11832 11874 11916 11958 12000 12042 12083 12124 12166 12207 | 4 8 13 17 2r 
37417 37550 37683 37815 37947 | 38070 38210 38341 38471 38601 | 13 26 39 53 66 
15 12247 12288 12329 12369 12410 12450 12490 12530 12570 12610| 4 8 12 16 20 
38130 38859 38987 30115 39243 39370 39497 39623 39749 39875 | 13 25 38 51 64 
16 | 12649 12689 12728 12767 12806 12845 12884 12923 12961 1300014 8 12 16 20 
40000 40125 40249 40373 40497 40620 40743 40866 40988 41110 | 12 25 37 49 62 
17 | 13038 13077. 13115 13153 13101 13229 13266 13304 13342 13370| 4 8 м 15 10 
41231 41352 41473 41593 41713 41833 41952 42071 42190 42308 | 12 24 36 48 бо 
38 | 13416 13454 13491 13528 13565 | табот 13638 13675 13711 13748 4 7 ЖЕ 15 18 
42426 42544 42661 42778 42895 | 43012 43128 43243 43359 43474 | 12 2 35 47 58 
19 | 13784 13820 13856 13892 13928 13964 14000 14036 14071 14107 | 4 TOLEA 18 
43589 43704 43818 43932 44045 44159 44272 44385 44497 44609 | 11 23 34 45 57 
20 | 14142 14177 14213 14248 14283 14318 14353 14387 14422 14457 | 4 7 10 14 18 
44121 44833 44944 45056 45166 45277 45387 45497 45607 45717 | 11 22 33 44 55 
21 | 14401 14526 14560 14595 14629 | 14663 14697 14731 14765 14799| 3 7 10 14 17 
45826 45935 46043 46152 46260 ^ 46368 46476 46583 46690 46797 | Yt 22 32 43 54 
22 14832 14866 14900 14933 14967 15000 15033 15067 15100 15133| 3 7 1o 13 17 
46904 4701: 47117 41223 47329 47434 47539 47645 47749 47854 | 11 21 32 42 53 
23 | 15166 15199 15232 15264 15297 15330 15362 15395 15427 I5460| 3 7 10 13 16 
47958 48062 48166 48270 48374 48477 48580 48683 48785 48888 | то 21 3r 4r se 
24 | 15492 15524 15556 15588 15620 15652 15684 15716 15748 15780| 3 6 то 13 16 
48990 49092 49193 49295 49396 49497 40508 49699 49800 49900 | 10 20 3o цо 51 
25 | 15811 15843 15875 15006 15937 15969 16000 16031 16062 16093 |3 6 9 13 16 
Е 50000 50100 50200 50209 50398 50498 50506 50605 50794 50892 | 10 20 30 40 50 
20 | 16125 16155 16186 16217 16248 16279 16310 16340 16371 1640013 6 9 r2 rg 
50990 51088 51186 51284 51481 51478 51575 51672 51769 51865 | 10 19 29 39 49 
27 Тэн 16462 16492 16523 16553 16583 16613 16643 16673 16793 | Gee! 912 r$ 
51962 52058 52154 52249 52345 52440 52536 52631 52726 52820 | 10 19 29 38 48 
28 | 16733 16763 16793 16823 16852 16882 16912 16941 1697T 1700 | 3 6 9 12 15 
52915 53009 53104 53198 53292 53385 53479 53572 53666 53759 9 10 28 38 47 
29 | 17029 17059 17088 17117 17146 17176 17205 17234 17263 072920183 6 9 та 15 
53852 53944 54037 54120 54222 54314 54406 54498 54589 54681 | 9 18 28 37 46 
4 
102 


онол ggg 


2 TABLE XXVIII. SQUARE Roors—continued 

о 1 2 3 4 5 6 7 8 9 І 
17321 17349 17378 17407 17436 17464 17493 17521 17550 17578 | 3 
54772 54863 54955 55045 55136 55227 55317 55408 55498 55588| 9 
17607 17635, 17664 17692 17720 17748 17776 17804 17833 17861 | 3 
85678 55767 55857 55946 56036 56125 56214 56303 56391 56480 | 9 
17889 17916 17944 17972 18000 18028 18055 18083 18111 18138 | 3 
56569 56657 56745 56833 56021 | 57009 57096 57184 57271 57359 9 
18166 18193 18221 18248 18276 18303 18330 18358 18385 18412 | 3 
57446 57533 57619 57706 57793 57879 57966 58052 58138 58224 9 
18439 18466 18493 18520 18547 18574 18601 18628 18655 18682 | 3 
58310 58395 58481 58566 58652 58737 58822 58007 58002 59076 | 9 
18708 18735 18762 18788 18815 18841 18868 18894 18921 18947 | 3 
80161 59245 59330 59414 59498 59582 59666 59749 59833 59917 8 
18974 19000 19026 19053 19079 10105 19131 19157 19183 19209 | 3 
60000 60083 60166 60249 60332 60415 60498 60581 60663 60745 8 
19235 1026: 19287 19313 19339 19365 19391 10416 10442 19468 | 3 
60828 6ogro 60992 61074 61156 61237 61319 61400 61482 61563 | 8 
19494 19519 19545 19570 19596 19621 19647 19672 19698 19723 3 
61644 61725 61806 61887 61968 62048 62129 62209 62290 62370 | 8 
19748 19774 19799 19824 19849 | 19875 10900 19925 19050 19975 | 3 
62450 62530 62610 62690 62769 62849 62929 63008 63087 63166 | 8 
20000 20025 20050 20075 20100 20125 20140 20174 20199 20224| 2 
63246 63325 63403 63482 63561 63640 63718 63797 63875 63953 | 8 
20248 20273 20298 20322 20347 20372 20396 20421 20445 20469 | 2 
64031 64109 64187 64265 64343 64420 64498 64576 64653 64730 | 8 
20494 20518 20543 20567 20591 20616 20640 20664 20688 20712 | 2 
64807 64885 64962 65038 65115 65192 65269 65345 65422 65498 | 8 
20736 20761 20785 20809 20833 20857 20881 20905 20028 20052 2 
65574 65651 65727 65803 65879 65955 66030 66106 66182 66257 8 
20976 21000 21024 21048 21071 21005 21110 21142 21166 21190 | 2 
66332 66408 66483 66558 66633 66708 66783 66858 66933 67097 8 
21213 21237 21260 21284 21307 21331 21354 21378 21401 21424| 2 
67082 67157 67231 67305 67380 67454 67528 67602 67676 67750 | 7 
21448 21471 21494 21517 21541 21564 21587 21610 21633 21656 | 2 
67823 67897 67971 68944 68118 68191 68264 68337 68411 68484 | 7 
21679 21703 21726 21749 21772 21794 21817 21840 21863 21886 | 2 
68557 68629 68702 68775 68848 68020 68993 69965 69138 69210 | 7 
21909 21032 21054 21077 22000 22023 22045 22068 22091 22113 | 2 
69282 69354 69426 69498 69570 ^ 69642 69714 69785 69857 69929 | 7 
22136 22159 2218: 22204 22226 22249 22271 22203 22316 22338 | 2 
70000 70071 70143 70214 70285 70356 70427 70408 70569 70640| 7 


103 


ТАВГЕ ХХУШ. SQUARE RooTs—continued 
о 1 tz 3 4 5 6 7 8 9 иа * 5 


50 | 22361 22383 22405 22428 22450 22472 22494 22517 22539 22561 
тотії 70781 70852 70922 70993 71063 71134 71204 71274 71344 


- دو‎ 
н 
+ 
- 


51 | 22583 22605 22627 22650 22672 22694 22716 22738 22760 22782 | 2 4 7? 9 и 
71414 71484 71554 71624 71694 71764 71833 71903 71972 72942 | 7 14 21 28 35 
52 | 22804 22825 22847 22869 22891 22913 22935 22956 22978 23000| 2 4 7 9 1! 
72111 72180 72250 72319 72388 72457 72526 72595 72664 72732 | 7 14 21 28 34 
53 | 23022 23043 23065 23087 23108 23130 23152 23173 23195 23216| 2 4 6 9 11 
72801 72870 72038 73007 73075 73144 73212 73280 73348 73417 | 7 14 21 27 34 
54 | 23238 23259 23281 23302 23324 23345 23367 23388 23409 23431| 2 4 6 9 1 
13485 73553 73621 73689 73756 73824 73892 73959 74027 74095 | 7 14 20 27 34 
55 | 23452 23473 23495 23516 23537 23558 23580 23601 23622 23643| 2 4 6 8 1 
74162 74229 74297 74364 74431 74498 74565 74632 14699 74766) 7 13 20 27 34 
56 | 23664 23685 23707 23728 23749 23770 23791 23812 23833 23854| 2 4 6 8 ті 
74833 74900 74967 75033 75100 75166 75233 75209 75366 75432| 7 13 20 27 33 


57 | 23875 23896 23917 23937 23958 23979 24000 24021 24042 24002 
75498 75565 75631 75607 75763 75829 75895 75961 76026 76092 
58 | 24083 24104 24125 24145 24166 2418) 2420) 24228 24249 24269 
76158 76223 76289 76354 76420 76485 76551 76616 7668: 76746 
59 | 24200 24310 24331 24352 24372 24393 24413 24434 24454 24474 
76811 76877 76942 77006 77071 77136 77201 77266 77339 77395 


бо | 24495 24515 24536 24556 24576 24507 24617 24637 24658 24678| 2 4 
77460 77524 77589 77653 177717 77782 77846 77910 77974 78038| 6 13 19 26 32 


бт | 24698 24718 24739 24759 24779 24799 24819 24839 24860 24880| 2 4 
78102 78:66 78230 78204 78358 78422 78486 78549 78613 78677| 6 13 19 26 32 
262 | 24900 24920 24940 24960 24980 25000 25020 25040 25060 25080| 2 4 6 8 т 
78740 78804 78867 78930 78994 79057 79120 79183 79246 79310| 6 13 19 25 3: 
63 | 25100 25120 25140 25159 25179 25199 25219 25239 25259 25278 qe №6 8. то 
79373 79436 79498 7956: 79624 79687 79750 79812 79875 79937 6 13 19 25 3 


64 | 25298 25318 25338 25357 25377 25397 25417 25436 25456 25475 | 2 
80000 80062 80124 80187 80250 80312 80374 80436 80498 80561: | б 12 19 

65 | 25495 25515 25534 25554 25573 25593 25612 25632 25652 25671 | 2 

80623 80685 80747 80808 80870 80932 80994 81056 81117 81170| 6 12 19 25 31 

66 | 25690 25710 25729 25749 25768 25788 25807 25826 25846 25865 |2 4 6 8 то 

81240 81302 81363 81425 81486 81548 81609 81670 8173г 81792 | 6 12 18 25 31 


bw Rb 
A 
е 
= 


a 
а 
х 

2 


67 | 25884 25904 25923 25042 25062 25981 26000 26019 26038 26058| 2 4 6 8 то 
81854 81915 81976 82037 82098 82158 82219 82280 82341 82401 | б 12 18 24 30 
68 26077 26096 26115 26134 26153 26173 26192 26211 26230 26249 | 2 4 6 8 10 
82462 82523 82583 82644 82704 82765 82825 82885 82046 83006 | 6 12 18 24 30 
69 | 26268 26287 26306 26325 26344 26363 26382 26401 26420 26439 | 2 4 6 8 ro 
83066 83126 83187 83247 83307 83367 83427 83487 83546 83606 | 6 12 18 24 30 


+ > 

с с © © 
„ 

au 0 о о 

58585 5 5 


70 | 26458 20476 20495 26514 26533 26552 26571 26589 26608 26627| 2 4 6 8 9 
83666 83726 83785 83845 83005 83964 84024 84083 84143 84202| б 12 18 24 30 
71 | 26646 26665 26683 26702 26721 26739 26758 26777 26796 26814| 2 4 6 7 9 
84261 84321 84380 84439 84499 84558 84617 84676 84735 84794 | 6 12 18 24 30 
12 | 26833 26851 26870 26880 26907 26926 26044 26963 2608: 27000| 2 4 6 7 9 
84853 84912 84971 85029 85088 85147 85206 85264 85323 85381 | 6 12 18 23 29 
73 | 27019 27037 27055 27074 27092 27111 27129 27148 27166 27185 ДЭ 643. 7 9 г 
85440 85499 85557 85615 85674 85732, 85790 85849 85007 85965 | 6 12 17 23 29 у 
74 | 27203 27221 27240 27258 27276 27295 27313 27331 27350 27368 |2 4 5 7 9 
86023 86081 86139 86197 86255 86313 86371 86429 86487 86545 | 6 12 17 23 29 
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TABLE XXVIII. SQUARE Roots—continued 

| e т 2 3 4 5 6 7 8 9 I. 43 548425 
75 | 27386 27404 27423, 27441 21459 27477 21495 27514 21532 23559 |а Ан вое ТО 
86603 86660 86718 86776 86833 36891 86948 87006 87063 87121 | 6 12 17 23 29 
76 27568 27586 27604 27622 27641 27659 27677 27695 27713 27731 ASANTE 
| 87178 87235 87203 87350 87407 87464 87521 87579 87636 87603| 6 її 17 23 29 

! 

17 | 27749 27767 27785 21803 27821 21839 27857 27875 27893 27911| 2 4 5 7 9 
| 87750 87807 87864 87920 87977 88034 88001 88:48 88204 88261 | 6 м 17 23 28 
78 | 27928 27946 27964 27982 28000 28018 28036 28054 28071 28089 | 2 4 5 рено 
| 88318 88374 88431 88487 88544 88600 88657 88713 88769 88826 | 6 м 17 23 28 
79 | 28107 28125 28142 28160 28178 28196 28213 28231 28249 4826071] а 45 (4-89 
88882 88038 88994 80051 89107 89163 89219 89275 89331 80387| 6 м 17 22 28 
8o | 28284 28302 28320 28337 28355 28373 28390 28408 28425 28143011 (2 9 27187712) 
89443 89499 89554 89610 80666 80722 89778 80833 89889 80044 | 6 м 17 22 28 
81 | 28460 28478 28496 28513 28531 28548 28566 28583 28601 28618| 2 4 5 7 9 
ооооо 90056 90111 90167 90222 90277 90333 90388 90443 90499 6 11 ij 22 28 
32 | 28636 28653 28671 28688 28705 28723 28740 28758 28775 4872/1212. 15 4 29 
90554 90609 90664 90719 99774 90830 90885 90940 90995 91049 6 м 16 22 28 
83 | 28810 28827 28844 28862 28879 28896 28914 28931 28948 28965; 2 3 5 7 9 
91104 91159 91214 91269 91324 91378 91433 91488 91542 91597 | 5 11 16 22 27 
84 | 28083 20000 20017 29034 29052 29069 20080 29103 20120 Е ECE 29. 
91652 91706 91761 91815 91869 91924 91978 92033 92087 92141 | 5 11 0.222 27 
85 | 29155 29172 29189 29206 29223 29240 29257 29275 29292 29309 2 Vi Ranh. оно, 2^ 

| 92195 92250 92304 92358 92412 92466 92520 92574 92628 92682 5 11 16 22 2 
86 | 20326 29343 29360 29377 29394 29411 20428 20445 29462 2941912 3 5 7 8 
92736 92790 92844 92898 92952 93005 93059 93113 93167 93220 | 5 11 16 22 27 
87 | 29496 29513 29530 29547 29563 29580 20507 29614 29631 29648 | 2 3 s 7 8 
03274 93327 93381 93434 93488 93541 93595 93648 93702 93155 | 5 11 16 ат 27 
88 | 29665 29682 20608 20715 20732 20749 29766 29783 29799 20816 | 2 3 5 8 
93808 93862 93915 93968 94021 094974 94128 94181 94234 94287| 5 11 16 аг 27 
89 | 29833 29850 29866 29883 20900 29917 29933 20050 20967 29983 |2 3 5 7 8 
| 94340 94393 94446 94499 94552 94604 94657 94710 94763 94816 | 5 11 16 21 26 
до | 30000 30017 30033 30050 30067 30083 30100 30116 39133 39150 2 3 5 8 
94868 94921 94974 95026 95979 0843: 95184 95237 95289 9534 | 5 11 16 ат 26 
от | 30166 30183 30199 30216 30232 30249 30265 30282 30299 30315| 2 3 очно о 
95394 95446 95499 95551 95003 95656 95108 95760 95812 95864 | 5 10 16 21 26 
92 | 30332 30348 30364 30381 30397 30414 30430 39447 30463 30480| 2 3 5 7 8 
| 95917 95969 9бо21 96073 96125 96177 96229 96281 96333 96385 | 5 10 16 21 26 
93 | 30496 30512 30529 30545 30561 | 30578 30594 30610 30627 30643 а 3-47: 8 
| 06437 96488 96540 96592 96644 96605 96747 96799 96850 96902 | 5 10 16 21 26 
94 | 30659 30676 30692 30708 30725 30741 30757 30173 30799 39806| а 3 = dy s 
| 96954 97005 97057 97108 97160 97211 97263 97314 97365 97417 | 5 10 IS 21 26 
| 95 | 30822 (30838 39854 30871 30887 | 30903 30919 39935 39952 30068 | а. 45 6 8 
| 97468 97519 97570 97622 97673 97724 97775 97826 97877 97929| 5 10 15 20 26 
96 | 30984 31000 31016 31032 31048 31064 31081 31097 31113 31129162 3 5 6 8 
| 97080 98031 98082 98133 98184 98234 98285 98336 98387 98438 | 5 10 15 20 25 
97 31145 31161 31177 31193 31209 31225 31241 31257 31273 31289| 2 3.5 6 #8 
| 98489 98539 98590 98641 9869г 9874? 98793 98843 98894 989441 5 10 15 20 25 
98 | 31305 31321 31337 31353 31369 31385 31491 31417 31432 3148| 2 3 5 6 8 
98995 90045 99096 99146 99197 99247 99298 99348 99398 $9448 | 5 то хо“ 29-45 
99 | 31464 31480 31496 31512 31628 | 31544 31559 31575 31591 ЕЗ: 
99700 99750 99800 99850 99900 99950 | 5 10 15 20 25 


| 

| 

a 

| а 99499 99549 99599 90649 
3 

| 


105 


14 


1:5 


357 


TABLE XXIX. RECIPROCALS 


7 


934579 
—8653 


854701 
-7243 
787402 
—6152 
729927 
-5289 
680272 
-4596 


636943 
-4032 
598802 
-3564 
564972 
73174 
534759 
-2844 


507614 
-2563 


483092 
72323 
460829 
-2113 
440529 
-1933 
421941 
71773 
404858 
-1632 


380105 
374532 
361or1 
348432 
336700 


325733 
315457 
305810 
296736 
288184 


280112 
272480 
265252 


258398 
251880 


245700 
253808 
234102 
228833 
223714 
218818 
214133 
200644 
205339 
201207 


8 9 


925926 917431 
-8495 | -5340 
847458 840336 
—7122 -7003 
781250 775194 
-6056 -5963 
724638 719424 
-5214 | -5138 
675676 671141 
245351 74474. 


632911» 628931 
-3980 ` -3931 
595238 501716 
-3522 -3481 
561798 558059 
-3139 —3103 
531015 520101 
-2814 -2785 
505041 502513 
-2538 -2513 


480769 478469 


—2300 -2279 
458716 456621 
-2095 -2076 
438596 436681 
-1915 -1808 
420168 418410 
-1758 71743 
403226 401606 
-1620 -1606 


387597 386100 
373134 371747 
359712 358423 
347222 346021 
335570 334448 


324675 323625 
314465 313480 
304878 303951 
295858 294985 
287356 286533 


279330 278552 
271739 271003 
264550 263852 
257732 257069 
251256 250627 


245098 244490 
239234 238663 
233645 233100 
228311 227790 
223214 222717 


218341 217865 
213675 213220 
209205 208768 
204918 204499 
200803 200401 


o 1 2 3 4 5 6 
(URDU CI 279752 ue -^ Ре 29-23 ae ВАС M 

*000000 80392 970874 961538 952381 943396 
Е -9901 шоо с та -9157 -8985 — -8817 
*gogogt googor 892857 884956 877193 869565 862069 
-8190 -8044 | -79o: | -7763 | -7628 -7496 | -7368 
"833333 826446 819672 813008 806452 Вооооо 793651 
-6887 | -6774 | -6664 -6556 | 6452 =6349 -6249 
"169231 763359 757576 751880 746269 740741 735204 
-5872 | -5783 -5696 | -5б11 | -5528 -5447 —5367 
"114286 709220 704225 699301 694444 689655 684932 
=5066 -4995 | -4924 | -4857 | -4789 -4723 | -4660 
*666667 662252 657895 653595 649351 645161 641026 
-4415 | -4357 -4300 -4244 -4190 74135 -4083 
*625000 621118 617284 613497 609756 бобобї 602410 
-3882 | 23834 | -3787 | -3741 = -3695 -3651 | -3608 
:588235 584795 581395 578035 574713 571429 568182 
-3440 _ -3400 -3360 -3322 | -3284 т3247 | -3210 
1555556 552486 549451 546448 543478 540541 537634 
-3070 73035 73003 52910. 7293; 72907 -2875 
"526316 523560 520833 518135 515464 512821 510204 
-2756 -2727 -2698 -2671 -2643 -2617 -2590 
“500000 497512 495050 492611 490196 487805 485437 
-2488 -2462 -2439 -2415 —2391 72368 -2345 
"476190 473934 471608 469484 467290 465116 462063 
-2256 -2236 -2214 -2104 -2174 -2153 -2134 
"454545 452489 450450 448430 446429 444444 442478 
-2056 -2039 -2020 —2001 -1985 -1966 -1949 
"434183 432900 431034 429185 427350 425532 423729 
-1883 -1866 -1849 -1835 -1818 -1803 -1788 
"416667 414938 413223 411523 409836 408163 406504 
-1729 -1715 -1700 -1687 -1673 -1659 —1646 
“400000 398406 396825 395257 393701 392157 390625 
"384615 383142 381679 380228 378788 377358 375040 
"37оз7о 369004 367647 366300 364964 363636 362319 
"357143 355872 354610 353357 352113 350877 349650 
"344828 343643 342466 341297 340136 338983 337838 
1333333 332226 331126 330033 328947 327869 326797 
7322581 321543 320513 319489 318471 317460 316456 
1312500 311526 310559 309598 308642 307692 306748 
"303030 302115 301205 300300 299401 298507 297619 
"204118 293255 292398 201545 200608 289855 289017 
"285714 284900 284091 283286 282486 281690 280899 
"271178 277008 276243 275482 274725 273973 273224 
"270270 269542 268817 268097 267380 266667 265957 
"263158 262467 261780 261097 260417 259740 259067 
"256410 255754 255102 254453 253807 253165 252525 
"250000 249377 248756 248139 247525 246914 246305 
"243902 243309 242718 242131 241546 240964 240385 
"38095 237530 236067 236407 235849 235204 234742 
"232558 232019 231481 230947 230415 229885 229358 
*227273 226757 226244 225734 225225 224719 224215 
7222222 221729 221239 220751 220264 219780 219298 
"217391 216920 216450 215983 215517 215054 214592 
"212766 212314 211864 211416 210070 210526 210084 
“208333 207900 207469 207039 206612 206186 205761 
“204082 203666 203252 202840 202420 202020 201613 


* Tabular differences up to 2.5, and mean differences thereafter. 
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Differences are negative, 


Пе 


сл «еу оез 


OQ оочу u u 
б Û ол сп 405-0 


TABLE ХХІХ. RECIPROCALS—continued 


Thus 1/4:214 = 0:237530--0:000222 = 0:237308, since 0:4 X55 


107 


2 X E 3 4 5 6 1 8 9 
*200000 199601 199203 198807 198413 198020 197628 197239 196850 106464 
-196078 195695 195312 194932 194553 194175 193798 193424 103050 192078 
-192308 191939 191571 191205 190840 190476 190114 189753 189394 189036 
-188679 188324 187970 187617 187266 186016 186567 186220 185874 185529 
«185185 184843 184502 184162 183824 183486 183150 182815 182482 182149 
«181818 181488 181159 180832 180505 180180 179856 179533 179211 178801 
178571 178253 177936 177620 177305 176991 176678 176367 176056 175747 
2175439 175131 174825 174520 174216 173913 173611 173310 173010 172712 
*172414 172817 171821 171527 171233 170940 170648 170358 170068 169779 
"169492 169205 168919 168634 168350 168067 167785 167504 167224 166945 
“166667 16638) 166113 165837 165563 165289 165017 164745 164474 164204 
"163934 163666 163399 163132 162866 162602 162338 162075 161812 161551 
-161290 161031 160772 160514 160256 160000 159744 159490 159236 158983 
-158730 158479 158228 157978 157729 157480 157233 156986 156740 156495 
“156350 156006 155763 155521 155280 155039 154799 154560 154321 154083 
-153846 153610 153374 153139 152005 152672 152439 152207 151976 151745 
“151515 151286 151057 150830 150602 150376 150150 140025 149701 149477 
“149254 149031 148810 148588 148368 148148 147929 147710 147493 147275 
-147059 146843 146628 146413 146199 145985 145773 145560 145349 145138 
“144028 144718 144509 144300 144092 | 143885 143678 143472 143266 143062 
+142857 142653 142450 142248 142045 141844 141643 141443 141243 141044 
“140845 140647 140449 140252 140056 139860 139665 139470 139276 139082 
+138889 138696 138504 138313 138122 | 137931 137741 137552 137363 137174 
"136986 136799 136612 136426 136240 136054 135870 135685 135501 135318 
-138135 134953 134771 134500 134409 134228 134048 133869 133600. 133511 
*133333 133156 132979 132802 132626 132450 132275 132100 131926 131752 
-131579 131406 131234 131062 130890 130719 130548 130378 130208 130039 
-129870 129702 129534 129366 129199 129032 128866 128700 128535 128370 
+128205 128041 127877 127714 127551 127389 127226 127065 126904 126743 
-126582 126422 126263 126103 125945 125786 125628 125471 125313 125156 
“125000 124844 124688 124533 124378 124224 124069 123916 123762 123609 
“123457 123305 123153 123001 122850 122699 122549 122399 122249 122100 
*121951 121803 121655 121507 121359 121212 121065 120919 120773 120627 
“120482 120337 120192 120048 119004 119760 119617 119474 119332 110190 
119048 118906 118765 118624 118483 118343 118203 118064 117925 117786 
*117647 117509 117371 117233 117096 116959 116822 116686 116550 116414 
"116279 116144 116009 115875 115741 115607 115473 115340 115207 115075 
"114943 114811 114679 114548 114416 114286 114155 114025 113895 113766 
"113636 113507 113379 113250 113122 112994 112867 112740 112613 112486 
“112360 112233 112108 111982 111857 111732 111607 111483 111359 111235 
“ат 110988 110865 110742 110610 110497 110375 110254 110132 110011 
"109890 109769 109649 109529 109409 109290 100170 100051 108932 108814 
108696 108578 108460 108342 108225 108108 107991 107875 107759 107643 
“107527 107411 107296 то718т 107066 106952 106848 106724 тоббто 106496 
-106383 106270 106157 106045 105932 105820 105708 105597 105485 105374 
«105263 105152 105042 104032 104822 104712 104603 104493 104384 104275 
*104167 104058 103950 103842 103734 103627 103520 103413 103306 103199 
“103093 102987 102881 102775 102669 102564 102459 102354 102249 102145 
*102041 101937 101833 101729 101626 101523 101420 101317 101215 101112 
*Yororo 100908 100806 100705 тообо4 100503 100402 100301 100200 100100 


5 = 222 (correct value 0:237304). 


Diffs.* 


-393 
-378 
-364 
-350 
-337 


-325 

314 
-303 
-293 
-283 


-274 
-265 
-256 
-248 
-241 


-233 
-226 
-220 
-213 
-201 


-гот 
-196 
стот 
-185 
-180 


-176 
-17: 
-167 
-162 
-158 


7155 
-151 
-147 
-144 
-140 


2137 
7134 
-131 
-128 
-125 


-122 
-120 
гїї] 
-115 


-112 
-119 
-108 
-105 
-103 
-тот 


TABLE XXX. FACTORIALS 


No. | Factorial, Logarithm. No. Factorial. Logarithm. No, Factorial. Logarithm, 
т 3» о:000 0000 51 1: 55112 66:190 0450 тог 9:42595 | 159:974 3250 
2 2 o’ 301 0300 52 8-06582 67-906 6484 то2 "| 961447 | 161:082 9252 
3 6 0778 1513 53 | 427488 69:630 9243 | 103 | 990290 | 163 J95 7624 
4 24 1:380 2112 54 2: 30844. 71:363 3180 104 102990 166:012 7958 
5 120 2:079 1812 55 г 26064 73 103 6807 195 1108140 | 168:033 9851 
6 720 2:857 3325 56 7° 10999 74:851 8687 106 1:14628 | 170:059 2909 
3 5040 3:702 4305 57 405269 76:607 7436 107 122652 | 172:088 6747 
8 40320 4'605 5205 58 2:35056 78:371 1716 то8 1:32464 174 122 0985 
9 362880 5:559 7630 59 1:38683 80-142 0236 тод 144386 | 176:159 5250 
то | 362880 6:559 7630 бо 832099 81-920 1748 тто 1:58825 | 178:200 9176 
II 3:99168 7:601 1557 бт 5:07580 83 705 5047 III 176295 180:246 2406 
12 419002 8-680 3370 62 3°14700 85497 8964 112 1:97451 182:295 4586 
13 6:22702 9'794 2803 63 1*98261 87:297; 2369 113 2123119 | 184-348 5371 
14 8-71783 10:940 4084 64 1“ 20887 89-103 4169 114 2:54356 | 186:405 4419 
15 130767 12'116 4996 65 8:24765 90-916 3393 115 2'92509 | 188:466 1398 
16 2'09228 13:320 6196 66 544345 92:735 8742 116 339311 | 190530 5978 
17 | 355687 | 145551 0685 бу | 3064711 94'561 9490 | 117 | 396094 | 197'598 7836 
18 6.40237 15'806 3410 68 2:48004 96-394 4579 118 | 4:68453 | 194670 6656 
19 121645 17:085 0946 09 1971122 98:233 3070 119 | 557459 | 196:746 2126 
го 243290 18:386 1246 70 119786 100:078 4050 120 6:68950 | 198-825 3938 
21 5 10909 19:708 3439 71 8:50479 101-929 6634 121 809430 | 200:008 1792 
22 1: 12400 21:050 7666 72 6:12345 103-786 9959 122 9°87504 | 202°994 5390 
23 258520 22:412 4944 13 4 47012 105'650 3187 123 1:21463 | 205:084 4442 
24 | 620448 | 23:792 7057 74 | 330789 1073519 5505 124 | 150614 | 207:177 8658 
25 r 55112 25*190 6457 75. | 2748091 109° 394 6117 125 1:88268 | 209:274 7759 
26 403291 26°605 6190 76 188549 111-275 4253 126 2137217 | 211-375 1464 
27 т:08889 28:036 9828 77 145183 113'161 9160 127 301266 | 213:478 9501 
28 304888 29:484 1408 78 113243 115:054 0106 128 4856020 | 215:586 1601 
29 |.884176 | 30:946 5388 79 | 8:94618 | 116:951 6377 129 | 497450 | 217:606 7498 
30 2°65253 32:423 6601 8o T 15695 118:854 7277 130 646686 | 219.810 6932 
31 8-22284 33'915 0218 81 5: 79713 120'763 2127 131 8:47158 | 221:927 9645 
32 263131 35:420 1717 82 4: 75364 122:677 о266 132 111825 | 224:048 5384 
33 | 868332 | 36:938 6857 83 | 394552 | 124596 1047 133 | 148727 | 226-172 3900 
34 | 295233 | 38470 1646 84 | 331424 126:520 3840 134 | r99294 | 228:299 4948 
35 103331 40"014 2326 85 281710 128:449 8029 135 2:69047 | 230:429 8286 
36 | 371993 | 41570 5351 86 | 242271 130: 384 3013 136 | 365904 | 232563 3675 
37 | 137638 | 43138 7369 87 | 210776 132:323 8206 137 | 501289 | 234 тоо 0881 
38 5: 23023 44'718 5205 88 185483 134'268 3033 138 6:91779 | 236-839 9672 
39 | 203979 | 46-309 5851 89 | 165080 136:217 6933 139 | 9:61572 | 238-982 0820 
49 | 815915 | 47:911 6451 90 | 1:48572 138-171 9358 140 | 134620 | 241-129 1100 
41 | 334525 | 49524 4289 91 | 1:35200 | 140'130 9772 141 | 180814 | 243-278 3201 
42 1'40501 51:147 6782 92 1:24384 142'094 7650 142 2:69536 | 245:430 6174 
43 | 6041538 | 52:781 1467 93 | r15677 | 144063 2480 143 | 385437 | 247:585 9535 
44 | 265827 | (54424 5993 94 | 1:08737 | 146:036 3758 144 | 555020 | 249744 3160 
45 119622 56:077 8119 95 103300 148-014 0994 145 8:04793 | 251-905 6840 
46 | 550262 | 57-740 5697 96 | 991678 | 149:996 3707 146 | 117500 | 254070 0368 
47 2:58623 59“412 6676 97 961928 151983 1424 147 г 72725 | 256: 237 3542 
48 | г24139 | 61-093 9088 98 | 942689 | 153074 3685 148 | 255632 | 258-407 6159 ` 
49 | 6-08282 62:784 1049 99 9133262 155:970 0037 149 3:80892 | 260-580 8022 
50 | 304141 | 64:483 0749 | тоо | 933262 | 157-970 0037 150 | 571338 | 262:756 8934 


The power of то by which to multiply the factorial is given by the whole number of the logarithm. 
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TABLE ХХХ. FACTORIALS—continued 


No. | Factorial. Logarithm. | No. | Factorial. Logarithm. No. Factorial, Logarithm. 
151 8-62721 264'935 8704 201 1:58520 377“ 200 0847 251 | 8:11447 | 494-909 2601 
152 г. 3 134 267117 7139 202 | 3:20211 379:505 4361 252 | 2'04485 | 497:310 6607 
153 2:00634 269:302 4054 203 | 6:50028 381-812 0321 253 | 517346 | 499:713 7812 
154 3:08977 271:489 9261 204 1: 32606 384122 5023 254 131406 | 502118 6149 
155 | 478914 273680 2578 | 205 | 271842 386-434 3161 || 255 | 335085 | 504525 1551 


156 | 747196 275873 3824 | 206 | 559994 | 388748 1834 256 | 8:57818 | 506933 3959 
1:17296 278:069 2820 207 1:15919 391-064 1537 || 257 2220459 | 509'343 3282 
1.85327 &30:267 9391 208 | 241111 393382 2170 | 258 | 5368785 | 5117754 9479 
204670 | 282469 3363 | 209 | 503022 | 395702 3633 || 259 | 147315 514-168 2476 
тбо 4771472 284:673 4562 210 | 1:05824 398-024 5826 260 | 3:83о20 | 516-583 2210 
161 7°59070 286۰880 2821 211 2.23288 400-348 8651 201 | 9:99681 | 518-999 8015 
162 1“ 22960 280:080 7971 212 | 4733170 402:675 2000 262 | 261916 | 521418 1628 
163 200440 201" 301 9847 213 1" 00828 405:003 5805 263 | 6:8884о | 523.838 1185 
164 3:28722 293 516 8286 214 2:15772 407:333 9943 264 | 181854 | 526-259 7225 
165 542391 295'734 3125 215 | 4:63909 409:666 4328 265 | 4'81913 | 528-682 9683 


MHH 
tn «лл 
© соза 


166 9:00369 297:954 4206 216 | 1100204 412:000 8865 266 | r28189 | 531107 8500 
167 1:50302 300'177 1371 217 2:17443 414:337 3403 267 | 342264 | 533534 3612 


168 2.52608 302:402 4464 218 | 4:74027 416:675 8027 268 | 9:17268 | 535:062 4960 
тбд 4: 26907 304030 3331 219 1:03812 419:016 2469 269 246745 | 538-392 2483 
170 725742 30б'8бо 7820 220 | 2:28386 421:358 6695 270 | 6-66211 | 5407823 бтат 
171 1'24102 309:093 7781 221 | 5:04733 423 703 0618 271 180543 | 543:256 5814 
172 2:13455 311329 3066 222 1“ 12051 426-049 4148 272 | 4'91078 | 545:691 1503 
| 173 | 360277 | 313567 3527 | 223 | 2749813 428-397 7197 || 273 | 134964 | 548:127 3129 
| 174 | 642543 | 315807 9019 | 224 | 559716 | 439747 9677 | 274 | 3:67336 | 5597565 0635 
| 175 r 12445 318:050 9400 225 1:25936 433100 1502 | 275 т'отої; | 553'004 3962 
176 1:97903 320"206 4526 226 | 2'84616 435454 2586 276 | 2:78808 | 555445 3052 
177 | убог8у | 3221544 4259 | 227 | 7 437810 2845 | 277 | 772298 | 557887 7850 
178 6:23514 324:794 8459 228 | г47306 440" 168° 2193 278 | 214699 | 569-331 8208 
179 1“ 11609 327647 6989 229 | 337330 | 442:528 0548 279 | 5“99010 | 562777 4349 
тво 2: 00896 329'302 9714 230 | 775859 444" 889 7827 280 | r67723 | 565'224 5920 


181 3: 63622 331 560 6500 231 | 1:79223 447'253 3946 281 | 4'71301 | 567:673 2984 
182 6:61792 333820 7214 232 | 4'15798 449:618 8826 282 | 1329007 | 570123 5475 
183 1'21108 336083 1725 233 | 968810 451-986 2385 283 | 376126 | 5727575 3339 
184 | 222839 | 338:347 9903 | 234 2.26702 | 454-355 4544 | 284 | 106820 575028 6523 
185 | 412251 340'615 1620 || 235 | 5:32749 456-726 5223 || 285 | 304437 | 577483 4971 


186 | 766787 | 342884 6750 | 236 | 1:25729 | 459099 4343 | 286 | 8-тоб89 | 579:939 8631 
187 | 143389 | 345156 5166 | 237 29797; | 461-474 1826 || 287 2:49888 | 5827397 7450 
188. | 2:60572 347-430 6744 | 238 | 7199185 463:850 7506 || 288 | 719677 | 584857 1375 
189 | 59491 349707 1362 || 239 | 169495 466:229 1575 || 289 | 207987 587.318 0354 
190 9:68032 351:985 8898 240 | 406789 468:609 3687 200 | 6:03161 | 589:780 4334 


тот | 184894 | 354266 9232 | 241 980360 | 470-991 3857 | 291 | 175520 | 592 244 3264 
192 | 3:54907 | 356:550 2244 | 242 | 237247 473:375 2011 | 292 | 512518 бил фон 
193. | 6-85144 | 358:835 7817 | 243 576511 | 475°760 8074 | 293 1: 50168 Bd 57 

194 | r32018 | 361123 5835 | 244 1:40669 | 478-148 1972 || 294 | 441493 ded 44 ka 
195 | 259100 | 363413 6181 | 245 344638 | 4805537 3633 | 295 | 130241 | 902 114 7462 


196 “о8012 365:705 8742 246 | 8:47810 482:928 2984 296 | 385512 бод 586 0379 
Es Е a. 3404 || 247 | 209409 | 485320 9954 297 | 1:14497 И da 
198 | ro8:55 | 370297 0056 | 248 | 519334 487715 4470 | 298 | 341201 aide Вон 
199 394329 372'595 8586 249 | 129314 490111 6464 299 ur Hv 5 1 

200 7:88658 374 896 8886 250 | 323286 492 509 5864 goo | 3:0605 14:485 8030: 


NIE 
For higher values, and non-integral 2>6 (or аг? 1*5 for 4-figure accuracy), use : 


т 
Jog a! = (х--#)108 х Иов 27— (=- = + aa) log г. 


тоа 


! 
| 


Ф чом hw Nm O 


ны ном بر پر‎ ы 
au Heo: N зо 


мон 
бо 


о’ 


“00000 
“01745 
"03490 
"05234 
“06976 
“08716 
"10453 
“12187 
"13917 
"15643 


“17365 
“їдо8т 
“20791 
"22495 
“24102 
"25882 
“27564 
“29237 
` 30902 
“32557 
"34202 
“35837 
“37461 
“39073 
“40674 
"42262 
“43837 
“45399 
"46947 
"48481 


* 50000 
"51504 
“52992 
"54464 
"55919 


757358 
“58779 
*60182 
"61566 
"602932 


“64279 
“65606 
"66013 
"68200 
“609466 


90175 
01920 
03664 
05408 
07150 


08889 
10626 
12360 
14090 
15816 


17537 
19252 
20962 
22665 
24362 


26050 
27731 
20404 
31068 
32722 


34366 
3бооо 
37622 
39234 
40833 


42420 
43994 
45554 
47101 
48634 


50151 
51653 
53140 
54610 
56064 


57501 
58920 
60321 
61704 
63068 


64412 
65738 
67043 
68327 
69591 


TABLE ХХХІ. 


18" 


00524 
02269 
04013 
05756 
07498 


09237 
10973 
12706 
14436 
16160 


17880 
19595 
21303 
23005 
24700 


26387 
28067 
29737 
31399 
33051 


34694 
36325 
31946 
39555 
4IISI 


42736 
44307 
45865 
47409 
48938 


50453 
51952 
53435 
54002 
56353 


57786 
59201 
69599 
61978 
63338 
64679 
66000 
67301 
68582 
69842 


110 


NATURAL 


36" 


01047 
02792 
04536 
06279 
08020 


09758 
11494 
13226 
14954 
16677 


18395 
20108 


21814 
23514 
25207 


26802 
28569 
30237 
31896 
33545 


35184 
36812 
38430 
40035 
41628 


43209 
44776 
46330 
47869 
49394 


50904 
52399 
53877 
55339 
56784 
58212 
59622 
61015 
62388 
63742 


65077 
66393 
67688 
68962 
70215 


48" 


01396 
03141 
04885 
06627 
08368 


тото6 
11840 
13572 
15209 
17021 


18738 
20450 
22155 
23853 
25545 


27228 
28903 
30579 
32227 
33874 


35511 
37137 
38752 
40355 
41945 


43523 
45088 
46639 
48175 
49697 


51204 
52606 
54171 
55630 
57071 


58496 
59902 
61291 
62660 
64011 


65342 
66653 


67944 
69214 
70463 


54 


о1571 
03316 
05059 
о6802 
08542 


10279 
12014 
13744 
15471 
17193 


18010 
20020 
22325 
24023 
25713 


27396 
29070 
30736 
32392 
34038 


35674 
37299 
38912 
40514 
42104 


43680 
45243 
46793 
48328 
49849 


51354 
52844 
54317 


55775 
57215 
58637 
60042 
61429 
62796 
64145 


65474 
66783 
68072 
69340 
70587 


o бо 


юьь 
Оо 


- бо бо 


کا تہ تہ ی 


S HN MN S 


во 


вешт 4A OR CA CA CA 


ь юю 


ND BDB DN N 


NN NNN 
кою кою ы 


=. “тай... 


TABLE ХХХІ. NATURAL SINES—continued 

E 6’ та" 18’ 24 зо’ 36" 42’ 48' 54 

70711 70834 70957 71080 71203 | 71325 71447 71569 71бог 71813 
71934 72055 72176 72297 72417 | 72537 72657 72777 72807 73016 
73135 73254 73373 73491 73610 73728 73846 73963 74080 74198 
74314 74431 74548 74664 74780 | 74896 7до11 75126 75241 75356 
75471 75585 75700 75813 75927 76041 76154 76267 76380 76402 
16604 76717 76828 76940 77051 77162 77273 77384 77494 77605 
77715 77824 77934 18043 78152 78261 78369 78478 78586 78604 
:788от 78908 79016 79122 79229 79335 79441 79547 79653 79758 
79864 79968 80073 80178 80282 80386 80489 80593 80606 80790 
80902 81004 81106 81208 81310 81412 81513 81614 81714 81815 
81915 82015 82115 82214 82314 82413 82511 82610 82708 82806 
82004 83001 83098 83195 83202 83389 83485 8358: 83676 83772 
83867 83962 84057 84151 84245 84339 84433 84526 84619 84712 
84805 84897 84989 85081 85173 | 85264 85355 85446 85536 85627 
85717 85806 85896 85985 86074 86163 86251 86340 86427 86515 
86603 86690 86777 86863 86949 87036 87121 87207 87292 87377 
87462 87546 87631 87715 87798 87882 87965 88048 88130 88213 
88295 88377 88458 88539 88620 88701 88782 88862 88042 89021 
"89тот 89180 89259 89337 80415 89493 89571 89649 80726 89803 
89879 89956 90032 90108 90183 090259 90334 90408 00483 90557 
90631 90704 90778 90851 00024 90996 91068 091140 91212 91283 
91355 91425 91496 91566 91636 | 91706 91775 01845 01014 91982 
92050 92119 92186 02254 92321 92388 92455 92521 92587 92653 
92718 92784 92849 92913 92978 03042 93106 93169 93232 93295 
93358 93420 93483 93544 93606 93667 93728 93789 93849 93909 
93969 94029 94088 94147 04206 94264 04322 94380 94438 94495 
94552 94609 94665 94721 94777 94832 94888 94943 94997 95052 
95106 95159 95213 95266 95319 95372 95424 95476 95528 95579 
“95630 95681 95732 95782 95832 95882 05031 95981 96029 96078 
"96126 96174 96222 96269 96316 96363 96410 96456 96502 96547 
“065093 96638 96682 96727 96771 96815 96858 96002 96945 96987 
“97030 97072 97113 97155 97196 97237 97278 97318 97358 97398 
-97437 97476 97515 97553 97592 * 97630 97667 97705 97742 97778 
-97815 97851 97887 97922 97958 97992 98027 98061 98096 98129 
-98163 98196 98229 98261 98294 98325 98357 98389 08420 98450 
-98481 98511 98541 98570 98600 98629 98657 98686 98714 98741 
-98769 98796 98823 98849 98876 | 98902 98927 98953 98978 09002 
-99027 99051 99075 99098 99122 99144 99167 99189 99211 99233 
-99255 99276 99297 99317 99337 99357 99377 99396 99415 99434 
“09452 90470 90488 90506 99523 99540 99556 99572 99588 99604 
“09619 99635 99649 99664 99678 99692 99705 99719 99731 99744 
“99756 99768 99780 99792 99803 99813 99824 99834 99844 99854 
“00863 99872 9088: 99889 99897 | 99905 99912 99919 99926 99933 
“99939 99945 99951 99956 99961 099966 99970 99974 99978 99982 
-99985 99988 99990 99993 99995 99996 99998 99999 99999 100000 


III 


то 


со ооо 


ом ی‎ O O یہ‎ м 


Or HRD 


то 


ныс А оч wo 


— 


© ом сп hw N но 


HHHH HH 
ом сл Hw юк O 


о'ооооо 
0:01746 
0103492 
0:05241 
0:06993 


0:08749 
0'10510 
0:12278 
0'14054 
0:15838 


0:17633 
о:19438 
0:21256 
0:23087 
0'24933 


о: 26795 
028675 
0° 30573 
© 32492 
© 34433 
0° 36397 
0: 38386 
040403 
042447 
044523 


0'46631 
048773 
0:50953 
0' 53171 
0:55431 
0:57735 
960086 
0162487 
064941 
067451 


0'70021 


‚ 972654 


œ 75355 
0:78129 
о"80078 


о'83910 
0:86929 
090040 
0:03252 
0:96569 


6! 


"00175 
“01920 
“03667 
“05416 
"07168 


“08925 
«10687 
*12456 
"14232 
"16017 


"17813 
"19619 
"21438 
23271 
"25118 


“260982 
"28864. 
139764 
“32685 
“346028 


“36595 
“38587 
*40606 
“42654 
"44732 


"46843 
“48989 
"51173 
“53395 
755659 


157968 
“60324 
*62730 
*65189 
“67705 
*70281 
“82021 
775629 
“78410 
* 81268 


*84208 
“87236 
790357 
“93578 
“96907 


TABLE XXXII. 


NATURAL TANGENTS 


й 


, 


12" 18" 24 30° 36" 42 48 54 І 2 
“00349 "00524 "000098 “00873 ‘01047 “01222 “01396 "01571 29? 58 
"02095 "02260 "02444 *o2619 "02793 "02068 "03143 "03317 29 58 
-03842 “04016 "одіді | 04366 “04541 "04716 “04801 05000 29 58 
“05501 "05766 "05041 -06116 "обаді “06467 "06642 ‘06817 29 58 
07344 "07519 “07695 -07870 *о8046 "08221 “08307 "08573 29 59 
*OgIOI "09277 "09453 *09629 "09805 :09981 "10158 “10354 29 59 
"10863 "11040 *11217 +11394 “11570 "11747 "11924 “12181 29 59 
“12613 "12810 "12088 -13165 “13343 "13521 “13698 “13870 30 59 
*14410 "14588 “14767 "14945 "15124 "15302 "15481 "15660 зо 50 
*16196 "16376 "16555 “16734 "16914 "17093 “17273 "17453 | 39. бо 
“17993 "18173 (18353 “18534 "18714 "18895 "19076 "19257 3° бо 
“товот “19982 "20164 “20345 "20527 "20709 "20891 "21073 3o бї 
*21621 "21804 "21986 “22160 "22353 "22536 ‘22719 “22903 3o бі 
-23455 ‘23630 "23823 | 24008 "24193 "24377 "24562 "24747 8r. б 
*25304 "25490 "25676 *25862 "26048 "26235 "20427 "20008 31. 62 
“27169 "27387 "27545 "27732 “27021 “28100 "282097 "28486 St ..63 
“520053 "20242 "20432 “20621 "20811 "30001 "30192 "30382 32 63 
“30955 "31147 "31338 "31530 131722 "31914 "32106 "32200 82 64 
532878 "33972 33266 . 33460 "33654 "33848 "34043 "34236 32 65 
"34824 "35020 "35216 +35412 "35608 "35805 ‘36002 "30109 43.0 
-36793 "36991 "37190 | 737388 "37588 "37787 37986 "38186 33. 66 
"38787 :38988 "39190 . “39391 "39593 "39795 "89997 "4о200 | 34 07 
*40809 "41013 "41217 *41421 "41626 "41831 "42036 "42242 34 68 
"да8бо "43067 “43274 "43481 "43689 "43897 "44105 "44314 35 69 
"44942 "45152 "45362 . “45573 “45784 "45995 746206 "46418 35 10 
"47056 "47270 "47483 | “47698 "47912 "48127 "48342 "48557 36 7 
“49206 "49423 "40040 | :49858 "50076 “50205 "50514 “50733 36 73 
“51393 "51614 "51835 | “52057 "52279 "52501 "52724 "52047 37. 74 
"53620 "53844 “54070 "54296 "54522 "54748 "54975 '55203 38 75 
“55888 -56117 "56347 ` “56577 "56808 “57039 "57271 "57593 | 38 77 
"58201 "58435 "58670 “58905 "59140 "59376 ‘59612 "59849 39 78 
*60562 "бодот "бісдо -61280 -61520 "біубі *62003 “62245 | 40 80 
“62973 63217 "63462 +03707 "63953 "64199 "64446 "64603 4r. 82 
"65438 "65688 "65038 «66189 :66440 “66692 “66044 “67197 | 420 84 
*679бо "68215 "68471 :68728 -68985 "69243 ‘69502 “60761 43 86 
"70542 "70804 "71066 “71329 "71593 “71857 "72122 “12388 | 44. 88 
"13189 “73457 73726 773996 “74267 “74538 "74810 "75082 | 45 90 
“75004 "76189 "76456 ^ 776733 "7тото "77289 “77568 "77848. | 46° 02 
“78602 578975 "79259 "79544 "79829 “80115 -8одо2 "8обоо | 47 95 
"81558 "81849 "82141 _ "82434 "82727 "83022 "83317 "83613 | 49 98 

| 
484507 "84806 485107 “85408 "85710 *8бот4 “80318 "86623 | 50 тоо 
"87543 “87852 "88162 "88473 "88784 "80007 “80410 "89725 | 52 104 
“90674 90993 “91313 “01633 "91955 “92277 “92601 "02026 | 53 107 
“93906 "94235 "94565 | 04896 "95229 "95562 "95897 "96232 | 55 110 
"97246 “97586 “97027 | "98270 "98613 "98958 "99304 "99652 57. 114 


ЭНЕ, SN 


TABLE XXXII. NATURAL TANGENTS—continued 


| о’ 6 та! 18! 24" зо! 36" 42" 48" 54 E ERE 
45 | г'ооооо "00350 *ооўот “01054 "01406 “01761 *02117 *02474 :02832 *03192 59 118 177 
46 | 1503553 “03015 "04279 "04644 "обото 05378 “05747 *06117 *06489 “06862 бт 123 184 
47 1507237 "07613 "07990 "08369 "08749 "09131 “09514 “09899 "10285 "10672 64 127 191 
48 | галобт *11452 "11844 *12238 "12633 ‘13029 "13428 “13828 “14229 “14632 66 132 198 
49 | г15о37 *15443 “15851 *16261 :16672 +17085 “17500 "17916 "18334 "18754 69 138 206 
5o т'19175 "19599 "20024 "20451 "20879 "21310 "21742 «22176 “22612 "23050 12 144 215 
51 | 1523490 "23931 "24375 “24820 "25268 | "25717 “261609 +26622 "27077 “27535 95 figo. 22 
52 | r27994 “28456 "28919 "29385 "29853 | 30323 "30795 -31269 "31745 "32224 78 157 235 
53 1:32704 "33187 33673 "34160 “34650 | "35142 "35637 736134 "36633 "37134 82 164 246 
54 | (137638 "8145 "38653 "39165 "39679 | "40195 “40714 741235 "41759 ° 2286 | 86 172 258 
55 | 142815 "43347 43881 “44418 "44958 — "45501 "46046 “46595 “47146 “47609 | 90 181 271 
56 148256 "48816 ° 49378 "40044 "50512 "51084 "51658 “52235 "52816 "53400 95 191 286 
57 153986 “54576 "55179 "56766 ‘56366 56969 "57575 "58184 "58797 "59414 | 100 201 302 
58 | 160033 160657 61283 "01914 -62548 | "63185 "63826 “04471 "65120 “65772 | тоб 213 319 
59 1:66428 "67088 -67752 "68419 "бдоді -69766 *70446 *71129 "71817 "72509 | 113 225 338 
бо 173208 173005 *74610 "75319 "76032  '76749 (77471 "78198 “78929 «99665 | | mae чен ge 
І Док ме Ӯ 
(902—0) tan 0, 
о’ 6" та! 18! 24' зо’ 36' да” 48! 54 агт) 
бо 5т:962` 51-998 52'034 52070 52105 . 52141 57177 87212 52:247 52:282 | 6 12 18 | 173 
61 $2317 52:352 52°387 52422 51456 — 52490 52:525 52:559 52°593 52:621 бт 17 | r8o 
62 52:660 52694 52 727 52: 761 52:794 52'827 52'860 52:893 52°925 52:958 | 6 11 17 | 1:88 
63 52990 53023 53055 53:087 53109 53151 53182 $3214 53245 537217 5 1r 16| 1:96 
64 53: 308 53339-53370 53'40T 53'43! 53462 53492 53:523 53:553 53583 | 5 10 15 | 2795 
65 53613 53642 53672 53:702 53731 53760 53799 53819 53847 58876 | 5 10 15 | 214 
66 53905 53933 53:962 53'990 50018 54046 54074 547102 547139 54157 | 5 914| 225 
67 54-185 54212 54239 54'266 54203 | 54320 54346 54373 54309 84420 | 4 9 13 2136 
68 | 54452 54478 54:504 547530 54'555 54-581 54:606 54632 54:657 54682 | 4 9 13 таң 
69 | 54707 54:72 54156 54781 54'805 54830 54-854 54-878 54902 54926 | 4 812) 201 
то 847950 54-973 54-997 55020 55043 | 55966 55089 55:112 55135 55158 |4 8 12 | 2°75 
71 55:180 55202 55:225 55247 557269 4 35291 55'312 $5'334 55:356 55377 |4 711 ae 
2 55308 55'419 55441 55401 55482 55503 55'523 55 544 55:504 55584 |3 7 TO) 30 
73 55.604 55624 55044 55664 55684 55703 55:722 55 742 55761 55780 | 3 710 3:27 
74 847700 55817 55836 54855 55873 | 55891 55909 $5927 55945 55963 |3 6 9| 349 
| Я . . Я 5 обу 56*084 56'1or 56-118 56'134 | 3 6 8| 373 
75 55-981 55998. 5б'о16 56-033 56:050 ^ 560 | 
76 56-15т 56:167 56-184 56:200 56'216 56:232 56:247 56'263 56:278 56:294 | 3 5 8 {е 
77 56-300 56:324 56:339 56354 56'369 | 50:384 56:398 56413 56427 56441 |2 5 7) 433 
78 56-456. 56470 56483 56:497 56511 . 56-524 56-538 56:55: 56"564 56:577 |? 4 4 КАА 
79 56:590 56:603 56:616 56:628 56'641 56-653 56:665 56-677 56-689 56701 | 2 4 5414 
- . - 2 2 2 9081 56-792 56:803 56:813 |2 4 6 5:07 
80 56-713 56-724 56:736 56:747 56"159 56°770 56"7 Ч 
8r 56'824 56-834 56-845 56'855 50:865 56-875 56:888 56:804 50:004 56914 | 2 3 5 zh 
82 56:923 56:932 56-941 56'950 36:059 56-968 56:977 56:985 50:004 57092 |І 3 4 З 
83 sworo 57-019 57027 57:034 511942 57059 57-057 57065 57:072 57:079 |! 3 4 7 3 
84 57:086 57093 s7100 57:107 577113 57120 57126 57132 57138 57144 |1 2 3| 95 
"156 57° : Е 57-178 57:183 57188 57: 03 57108 |? 2 30114 
8 57-150 57:156 57:162 57167 57173 | 57317 : 1 
86 57:203 57:207 57212 57216 57:220 57-224 57229 57:232 57236 57240 | 1 4 2 ын 
87 57-243 57247 57250 57:253 57:256 57259 57-262 57:265 57268 57:270 | 9 T E p 
88 57-273 57275 57:277 51219 57281 57-283 57284 57:286 57:287 цн от ^ 
89 | 57290 57:201 57:292 57293 57294 57294 57295 57295 57296 57296 |o 9 © 5053 
н 
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TABLE XXXIII. RANDOM NUMBERS (1) 


i 
03.47 43 73 86 36 96 47 36 бт 46 98 63 71 62 33 26 16 80 45 60 11 14 10:05 x 
97,74 24 67 62 42 81 14 57 20 42 53 32 37 32 1 оў 36 07 51 24 51 79 89 73 7 
16°76 62 27 66 56 50 26 71 от 32 90 79 78 53 1 №5 38 58 59 88 97 54 14 10 
12.56 85 99 26 96 96 68 27 31 05 03 72 93 15 57121014 21 88 26 49 81 76 
55.59 56 35 64 38 54 82 46 22 1 62 43 09 90 06 18 44 32 53 23 83 от 30 3o 


16/221 94 39 49 54 43 54 82 17 37 93 23 78 87 35 20 96 43 84 26 34 91 64 
34 42 17 53 31 57 24 55 06 88 77 04 74 47 67 21 76 33 50 25 83 92 12 об 76 
63,01 63 78 59 16 95 55 67 19 98 то 50 71 75 12 86 73 58 ол 44 39 52 38 79 
33,21 12 34 29 78 64 56 0782 52 42 07 44 38 15 51 00 13 42 90966 o2 79 54 
. 57 60.86 32 44 09 47 27 96 54 ' 49 17 46 09 62 | 90 52 84 77 27 08 02 73 43 28 
18.18 07 92 46 44 17 16 58 од 79 83 86 19 62 06 76 5003 10 55 23 64 05 05 
26 ба 38 97 75 84 16 07 44 99 83 11 46 32 24 20 14 85 88 45 100372 88 71 
23,42 40 64 74 8297 77 77 8r 0745 32 14 08 32 98 94 07 72 93 85 79 10 7 
52,36,28 19 95 50 92 26 11 97 00 56 76 31 38 80 22 o2 53 53 86 бо 42 04 5 
37 85 94 35 12 83 39 50 08 3o 42 34 97:96 88 (54 42 06 87 98 35 85 29 48 3 


10 29 17 12 13 40 33 20 38 26 13 89 51 03 74 17 76 37 13 O4 07 74 21 19 30 
56 ба 18 37 35 96 83 $0 87.75 97 12 25 93 47 10 33 24 03 54 97 77 46 44 80 15 
99:49 57 22 77 88 42 95 45 72 16 64 36 16.00 04 43 18 66 79 94 77 24 21 99 ў 
16.08 15 од 72 33 27 14,34 09 45 59 34:68 49 12 12 07 34 45. 99 27 72 95 14 
31 16,93 32 43 5027 39 87 19 20 15 37 00 49 2 85 66 бо 44 38 68 88 11 8o 
68 34 30 13 70 55 74 30 77 40 44 22 78 84 26 04 33 46 09 52 68 o7 97 96 57 
74 87 25 65 76 59 29 97 68 бо 71 ot 38 67 54 13 58 18 24 76 15 54 55 95 5? 
27 42 37 86 53 48 55 00 6572 096 57 69 36 то 96 46 92 42 45 97 бо 49 04 01 
оо 39 68 29 61 66 37 32 20 30 77 84 57 03 29 то 45 65 04 26 11 од 96 67 24 
29 94.98 94 24 68 49 69 то 82 53 75 91 93 30 34 25 20 57 27 40 48 73 51 9? 
16 до 82 66 59 83 62 64 11 12 67 19 oo 71 74 бо 47 21 29 68 02 02 37 03 31 
її 27 94 75 06 06 од 19 74 66 0294 37 34 o2 76 70 до 3o 86 38 45 94 30 38 
„35 14 20 16 20 33132 51 26 38 19 78 45 o4 91 16.92 53 56 16 02 75 50 95 98 
„48 23 16 86 38 42 38°97 от 50 87 75 66.81 41 40 OF 74 91 62 48 51 84 08 32 
231 96 25 91 47 96 44 33 49 13 34 86 82 53 91 005243 48 85 27 55 26 89 62 


„66.67 до 67 14 64 05 71 95 86 11 05 65 од 68 76 83 го 37 90 57 16 00 11 66 
14 95 84 45 11 75 73 88 05 до 52 27 дт 14 86 22 98 12 22 08 07 52 74 95 8о 
68 05 51 18 оо 33 96 02 75 19 07 бо 62 93 55 59 33 82 43 90 49 37 38 44 59 
„20 46:18 73 90 97 51 40 14 02 04 02 33.31 08 39 54 16 49 36 47 95 93 13 30 

„64 19 58 97 79» 15 06 15 93 20 от до то 75 об’ до 78 78 89 62 02 67 74 17 33 


„95 26 93 70 бо | 22 35 85 15 13 92 03 51 59 77 59 56 78 об 83 52 91 05 70 74 
„од 97 то 88 23 09 98 42 99 64 бт 71 62 99 15 06 51429 16 93 58 05 77 09 51 
68 лі 86 85 85 | 54 87 66 47 54 7332081:12 44 95 92 63 16 29 56 24 29 48 
26 99 61 65 53 58 37 78 80 То 42 10 50 67 42 32 17 55 85 74 . 94 44 67 10 94 

14,65 52 68 75 87 59 36 22 41 26 78 63 об 55 13 08 27 от 50 15 29 39 39 43 
17.53 77 58 71 71 41 61 50 72 12 41 94 96 26 44 95 27 36 99 оз 96 74 30 83 
290 26 59 21 19 23 52 23 33 12 96 93 02 18 39 07 02 18 36 07 25 99 32 70 23 
„41 23 52 55 99 3t 04 49 69 96 10 47 48 45 88 134143 89 20 97 17 14 49 17 
бо 20 so 81 69 31 99 73 68 68 35 81 33 03 76 24 30 12 48 бо 18 99 10 72 34 
291.25 38 05 9o 94 58 284136 45 37 59 03 09 до 35 57 29 12 82 62 54 65 бо 


34.50 57 74 37 98 80 33 со от 0977 93 19 82 74 94 80 од o4 45 97 31 66 49 
-85 22 94 39 43 73 81 53 94 79 33.62 46 86 28 08 31 54 46 31 53 94 13 38 47 
709.79 13 77 48 73 82 97 22 21 05 03 27 24 83 72 89 44 05 бо 3580 39 94 88 
_ 88,75 Во 18 14 22 95 75 42 49 39 32 82 22 49 оз 48 07 70 37 16 од бт 67 87 
90 96 23 70 oo. 39 00 03 об 90 55 85 78 38 36 94 37 30 69 32 go 89 оо 76 33 


2 xt 114 


53 74 23 99 67 
63 48 об 86 54 
“35 30 58 21 46 
63 43 36 82 бо 
98 25 37 55 26 
02 63 21 17 б9- 
6455 22 21 82, 
85 07 26 13 89 
58 54 16,24 15 
34 85 27 84 87 
03 92 18 27 46 
62 95 30 27 59 
08 45 93 15 22 
07 08 55 18 40 
от 85 89 05 66 
72 84 71 14 35 
88 78 28 16 84 
45 17 75 65 57 
96 76 28 12 54 
43 31 67 72 30 
50 44 66 44 21 


. 22 66 22 15 86 


96 24 40 14 51 
31 73 91 61 19 
78 бо 73 99 84 
84 37 90 бї 56 
36 67 то 08 23 


.07 28 59 97 48 


10 15 83 87 бо 
55 19 68 97 65. 
53 81 29 13 39 
51 86 32 68 92 
35 91 70 29 13 
37 71 67 95.13 
93 66 13 83.27 
о2 06 08 45 65 
49 83 43 48 35 
84 бо 71 62 46 
18 17 30 88 71 
79, 69 то 61 78 


75 93 36 57 83 
38 30 92 29 03 
51 29 50 10 34 
21 31 38 86 24 
29 от 23 87 88 
95 33 95 22 00 
9o 84 бо 79 Во 
46 40 62 98 82 
20 31 89 03 43 
71 59 73 05 50 


TABLE XXXIII. 


бт 32 28 69 84 
99 оо 65 26 94 
об 72 17 то 94 
65 51 18 37 88 
от gt 82 81 46 
71 50 Во 89 56 
48 22 28 об оо 
ог то 07 82 04 
51 54 44 82 00 
бт 48 04 56 26 


57 99 16 96 56 
37 75 41 66 48 
бо 21 75 46 91 
45 44 75 13 90 
51 то 19 34 88 


19 11 58 49 20 
13 52 53 94 53 
28 40 19 72 12 
22 Ol 11 94 25 
24 02 94 08 63 
66 об 58 05 62 
26 63 75 41 99 
23 21 зо 88 57 
бо 20 72 93 48 
43 89 94 36 45 
70 10 23 98 05. 
98 93 35 о8 86 
89 64 58 89 75 
79 24 31 66 56 
оз 73 52 16 56 
35 01 20 71 34 
33 98 74 66 99 
Во 03 54 07 27 
20 02 44 95 94 
92 79 64 64 72 
13 05 оо 41 84 
Ва 88 33 69 96 
40 80 81 30 37 
44 91 14 88 47 
11-32 76 95 62 
56 20 14 B2 11 
06 28 81 39 38 
31 57 75 95 80 
37 79 81 53 74 
58 ог 39 37 67 
18 74 72 о0 18 
24 36 59 87 38 
54 97 20 56 95 
38 46 Ва 68 72 


| 08.22 23 71 77 


94 62 67 86 24 
02 82 9o 23 07 
25 21 31 75 96 
бт 38 44 12 45 
74 71 12 94 97 
38 15 70 11 48 
бт 54 13 43 91 


- 59 63. 69 36 03 


62 61 65 од 69 
90 18 48 13 26 
Ío 33 72 85 22 
86 97 80 61 45 
98 77 27 85 42 
24 94 96 61 02 
15 84 97 19 75 


50 11 17 17 76 
75 45,69 30 96 
25 12 74 75 67 
71 96 16 16 88 
38 32 36 66 o2 


68 15 54 3$ 02 
58 42 36 72 24 
95 67 47 29 83 
98 57 07 23,69 
56 69 47 07:41 
85 11 34 70 бо 
99 29 70 29 81 
83 85 62 27 89 
21 48 24 08 93 
oo 53 55 90 27 
62 33 74 82 14 
до 14 71 94 58 
96 94 78 32 66 
64 85 04 05 72 
28 54 96 53 84 
93 07 54 72 59, 
72 36 04 19 76 
34 39 23 05 38 
89 23 30 63 15 
87 оо 22 58 40 
74 21 97 90 65 
62 25 об 84 63 
51 97 02 74 77 
73 24 16 10 33 
42 10 14 20 92 
38 79 58 69 32 
82 07 53 89 35 
15 74 80 08 32 
32 14 82 99 70 
91 o1 93 20 49 
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RANDOM NUMBERS (11) 


98 33 41 19 95 
79 62 67 80 бо 


49 28 24 00 49 
32 92 85 88 65 
24 02 71 37 07 
43 40 45 86 98 
Ва 78 12 24 29 


69 11 15 83 
38 18 65 18 
37 70 15 42 


84 64 38 56 
23 53 04 01 
28 88 61 о8 
57 55 66 83 
12 76 39 43 
86 31 57 20 
73 89 65 79 
60-40 бо 81 
68 64 36 74 
69 36 38 25 
42 35 48 96 
58 37 52 18 
94 69 40 06 
65 95 39 69 
до 22 91 07 


76 48 45 34 
33 34 91 58 
30 14 78 56 
от 98 94 05 
33 42 29 38 


53 73 19 09 
45 94 19 38 
50 95 52 74 
от 32 90 76 
48 14 52 98 


8o 
97 
57 
98 
63 
84 
15 
78 
18 
31 
19 
45 
39 
32 
ЕН 
97 
58 
12 
бо 
93 
27 
49 
87 
03 
БД 
33 
14 
94 


21 48 57 09 77 
47 45 15 18 бо 


25 15 35 7! 


go 


56 34 20 47 80 
92 54 01 75 25 
96 42 68 63 86 
бт 29 08 93 67 
76 15 48 49 44 
52 83 до 94 76 
16 55 23 42 45 
81 76 80 26 92 
96 35 23 79 18 
16 46 70 50 80 
80 бо 47 18 97 
82 96 59 26 94 


47 53 53 38 09 
75 91 12 ВЕ 19 
55 65 79 78 07 
54 34 81 85 35 
03 92 18 66 75 


oo 83 26 91 03 
06 66 24 12 27 
13 29 54 19 28 
85 72 13 49 21 
65 65 Во 39 07 
99 ог 30 98 64 
45 76 08 64 27 
69 62 03 42 73 
73 42 37 11 61 
64 63 91 o8 25 
95 бо 78 46 75 
99 17 43 48 76 
24 02 от бї 16 
19 59 50 88 92 
48 04 45 15 22 
14 52 41 52 48 
04 37 18 39 11 
18 16 36 78 86 
$6 8o 30 19 44 
78 35 34 08 72 


от 64 18 39 96 
63 14 52 32 52 
86 63 59 Во 02 
ог 47 59 38 оо 
22 13 88 83 34 
50 54 29 56 93 
14 44 99 81 07 
13 80 55 62 54 
53 89 74 бо 41 
56 07 93 89 30 
19 48 56 27 44 
Ва 11 08 95 97 
88 12 57 21 77 
99 82 93 24 98 
43 11 71 99 М 
74 54 13 26 94 
04 32 92 08 од 


22 17 68 65 84 
27 59 46, 


93 43 
21 96 
95 20 
97 86 
69 92 
“04 31 
бт об 
85 93 
21 74 


23 02 
76 71 
28 26 


53 64 
58 54 
35 26 
25 70 
96 зо 
27 33 
86 54 
48 95 
89 4т 
оо 42 
53 27 
95 84 
88 17 
57 24 
43 59 
од 42 
66 26 
79 18 
82 об 
22 42 


13 56 
20 75 
66 44 
08 18 
бт 68 


69 64 


77 
бт 


08 


39 
74 
оо 
99 
24 
72 
48 
o3 
26 
31 
59 
29 
зт 
16 
98 
72 
84 
95 
53 
92 

I 

2 
52 
од 
66 


07 


бо т2 99 


47 97 
21 78 
об 34 
17 21 
98 03 
85 86 
32 47 


97 
73 
13 
56 


9r 
88 


45 


I5 69 53 82 8o 


o2 89 o8 o4 49 
87 18 15 89 79 
98 83 71 94 22 
то o8 58 аг 66 
47 90 56 ro o8 
22 85 61 68 go 
67 80 43 79 33 
27 62 5o 96 72 
33 78 80 87 15 
13 13 92 66 99 


68 
13 
од 
20 
73 


-o7 


92 
99 


93 
18 


24 
22 


97 


38 
47 


TABLE XXXIII. 


95 23 92 35 
79 93 37 55 
бт 87 25 21 
44 90 32 64 
37 32 04 05 
то 63 76 35 
38 70 96 92 
53 93 бт 28 
86 52 77 65 
46 23 34 27 
53 63 94 09 
об 34 72 52 
тб 39 33 66 
70 83 63 51 
до 12 02 07 


35 72 67 47 
41 31 06 70 
19 69 ог 83 
од 84 38 76 
77 87 68 07 
4т 86 79 79 
99 99 90 37 
59 52 57 02 
51 то 96 46 
тт 83 44 80 
47 04 66 08 
82 32 99 9o 
36 74 43 53 
53 84 46 47 


44 бт 40 15 
39 об 38 21 
24 49 57 74 


87 


39 
28 


23 


87 
о8 
08 
89 
42 
16 
25 
14 
14 
32 


o2 
77 
о6 
67 
зо 
o3 


2 об 


70 
33 
13 
то 
21 
56 
74 
47 
34 
38 
75 
оо 
51 
47 
63 
07 
об 
68 


72 
95 
82 
9r 
83 
27 
13 
об 
76 
55 
72 
оо 
об 
65 
39 
63 
бт 
52 
85 
29 
40 


47 
25 


22 57 
32 77 
24 25 
63 99 
16 од 
о4 79 
79 79 
05 48 
59 05 
99 24 
76 47 
15 65 
то 56 
20 52 
37 17 
55 45 
об 45 
86 до 
27 69 
67 62 


47 07 
43 62 
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51 
од 
93 
бт 
95 
88 
45 
за 
28 
4+ 
91 
20 
79 
36 
31 
70 
18 
68 
85 


бт 
85 
16 
46 
88 
о8 
82 
56 
22 


од 
52 


43 
95 
13 
o3 
58 
13 
18 
o5 
26 
o9 
95 
94 
3o 
41 
от 


27 
73 
т9 


95 
зо 
59 
93 
28 
85 
27 
бт 
o7 
79 
49 
71 
27 


RANDOM NUMBERS (111) 


o6 
62 
78 
22 
99 
51 
ча 
86 
47 
49 
66 
II 
12 
o9 
63 


58 24 82 
47 83 51 
23 95 47 
69 8r 21 
35, 07 44 
55 34 57 
69 66 92 
90 92 то 
86 96,98 
74 16 32 
39 бо 04 
15 91 29 
до 49 22 
98 бо 16 
39 41 88 
16 95 86 
52 53 37 
56 61 87 
21 94 47 
23 32 65 
оо 83 63 
87 64 81 
20 69 22 


40 23 72 § 


73 96 53 
38 26 бт 
48 67 26 
55 93 36 
44 10:13 
95 96 79 
19 до 70 
65 97 38 
51 67 тт 


17 95 70 4 


63 52 52 
бо бі 97 
98 99 46 
76 38 03 
53 05 70 
02 87 40 
35 14 97 
94 51 33 


9r 51 во 3 


65 од 29 
20 71 53 
от 82-77 
53 43 37 
тт 39 93 
40 36 40 
99 63 22 


"2, 


ете. ОМ Лнан <- 


то 27 53 96 23 
„28 41 50 61 88 
34 21 42 57 o2 
бт 81 77 23 23 
бт 15 18 13 5 
91 76 21 64 d 
oo 97 79 o8 o6 
36 46 18 34 94 
88 98 09 бо 50 

94 37 59 87 21 
63 62 об 34 41 
78 47 23 53 90 
87 68 62 15 43 
47 60 92 10 77 
56 88 87 59 41 


02 57 45 86 67 
3I 54 14 13 17 
28 5o 16 43 36 
63 29 62 66 50 
45 65 58 26 51 
39 65 36 63 7o 
73 71 98 16 од 
72 20 56 20 II 
75 17 26 99 76 
37 48 бо 82 29 
68 o8 o2 8o 72 
14 23 98 61 67 
49 o8 96 21 44 
78 37 06 08 43 
37 21 34 17 68 
14 29 09 34 04 
58 43 28 об 36 
то 43 67 29 70 
44 38 88 39 54 
go 69 59 19 51 
41 47 10 25 62 
91 94 14 63 19 
80 об 54 18 66 
67 72 77 63 48 
59 40 24 13 21) 
05 90 35 89 95 
44 43 80 69 98 
бт 81 31 96 82 
42 88 о7 10 05 
77 94 39 95 39 
78 83 19 76 16 


91 43 05 96 47 
84 97 77 72 73 
87 41 бо 76 83 


TABLE XXXIII. RANDOM NUMBERS (IV) 


71 50 54 36 23 
64 85 27 20 18 
59 19 18 97 48 
82 82 11 54 o8 
r6 86 20 26 88 


44 91 13 32 97 
37)39 28 59 85 
75 20 80 27 77 
65 95 79 42 94 
05 02 03 24 17 
94 21 78 55 09 
34 41 92 45 71 
53 14 36 59 25 
88 59 53 11 52 
65 28 од 67 53 
73 43 07 34 48 
48 62 11 до бо 
28 97 85 58 99 
о2 63 45 52 38 
76 96 59 38 72 
77 45 85 50 51 
29 18 94 51 23 
72 65 71 о8 86 
89 37 го 70 от 
81 30 15 39 14 
83 71 46 30 49 
70 52 85 от 50 
25 27 99 41 28 
63 бт 62 42 29 
68 96 83 23 56 


87 83 07 55 07 
49 52 83 51 14 
8o 62 8o 03 42 
86 97 37 44 22 
85 39 52 85 13 
97 05 31 03 бі 
75 89 II 47-11 
09 18 94 об 19 
84 08 31 55 58 
79 26 88 86 зо 
от бт 16 96 94 
46 68 os 14 82 
oo 57 25 бо 59 
24 98 65 63 21 
28 10 99 oo 27 
94 тт 68 84 26 
43 63 64 61 61 
55 78 99 95 24 
од 62 об 65 72 
44 88 96 07 80 


54 31 04 82 98 
83 36 36 os 56 
80 30 03 30 98 
53 28 то 58 96 
90 74 80 55 00 
75 31 62 66 54 
53 56 68 53 40 
78 91 69 16 оо 
93 62 40 89 06 
47 97 81 56 51 
72 76 45 16 94 
09 23 70 70 07 
54 47 33 70 15 
66 25 69 07 од 
95 79 88 37 31 
44 26 87 93 29 
68 12 93 64 28 
67 22 52 76 23 


67 63 47 54 75 


86 57 45 71 46 


74 13 39 35 22 
76 51 94 84 86 
19 57 95 13 91 
77 31 61 95 46 
48 38 75 93 29 
89 17 95 88 29 
от 84 о2 78 43 
07 41 08 34 66 
39-68 95 то 96 
32 84 бо 15 31 
76 58 30 83 64 
47 56 91 29 34 
то 80 21 38 84 
оо 95 ог 31 76 
07 28 37 07 бі 
20 26 36 31 62 
31 56 34 19 09 
98 до о7 17 81 
24 33 45 77 58 
от 31 бо то 39 
50 78 13 69 36 
до 78 50 оз 62 
46 72 бо 18 77 
47 21 61 88 32 
12 13 13 99 ка 


23 54 20 86 85 
65 76 36 95 90 
37 55 85 78 78 
87 12 49 03 бо 
83 о5 83 38 96 


117 


04 14 12 15 09 
39 71 65 од 62 
05 24 67 70 07 
44 97 39 55 43 
14 53 90 51 17 
84 8о 32 75 77 
от 74 39 59 73 
08 43 18 73 68 


43 56 47 71 66 
92 34 86 от 82 


29 95 81 83 83 
12 38 92 79 43 
59 24 48 40 35 
48 68 64 71 об 
50 41 06 94 76 
77 од 61 67 84 
46 24 79 16 76 
24 79 36 54 54 
83 24 78 43 20 
44 67 76 14 55 
3o 53 36 o2 95 
79 93 96 38 63 
97 48 72 66 48 
26 97 05 73 51 
об 87 37 78 48 


оз 39 56 03 46 
то 62 98 19 41 
19 42 74 39 91 
09 24 23 00 62 
44 73 67 34 77 
87 29 25 58 84 
05 87 31 06 95 
90 56 35 03 09 
17 16 29 56 63 
11 16 36 27 03 
68 69 86 95 44 
79 57 92 36 59 
22 45 44 84 11 
80 45 67 93 82 
53 58 47 70 93 
37 68 53 37 31 
77 79 13 57 44 
55 06 12 б2 11 
27 80 30 21 бо 


49 99 57 94 82 


23 86 66 99 07 
18 48 27 45 68 
от 48 41 19 10 
41 15 20 76 27 
73 70 66 81 до 


26 78 25 47 47 
94 76 62 11 89 
84 07 50 87 46 
42 34 43 39 28 
52 от 63 от 59 


56 08 25 70 29 
30 19 99 85 48 
67 69 бї 34 25 
46 76 29 67 02 
55 51 33 12 91 


79 88 от 07 39 
14 85 11 47 23 
50 03 42 99 36 
бт 65 70 22 12 
81 83 17 16 33 


06 69 44 77 75 
14 бо 25 5101 
59 28 бт 71 96 
92 63 13 47 48 
44 88 от 62 12 


49 34 88 73 61 
08 58 25 58 94 
од 71 17 24 89 
53 33 18 72 87 
45 56 оо 84 47 


97 74 96 56 17 
18 83 99 47 99 
41 96 53 78 72 
56 12 Во 73 16 
91 15 79 74 58 
86 50 бо оо 25 
12 45 57 09 09 
43 12 74 49 14 
38 78 94 49 ВІ 
78 86 72 04 95 
84 95 48 46 45 


14 93 87 81 40 
24 62 20 42 31 


wee 


75 70 16 08 24 . 


85 81 56 39 38 
71 26 35 03 71 
59 бо зо 39 66 
08 99 55 64 57 
то 92 35 36 12 
96 88 57 17 01 
36 37 34 92 09 
27 23 65 30 72 
35 19 54 97 73 
50 47 02 29 16 
30 56 10 48 59 


28 89 65 
30 29 43 
95 74 62 


от 85 54 
то gt 46 


05 33 18 
94 43 13 
o5 85 40 
84 90 9o 
28 55 53 
89 83 40 
73 20 96 
10 89 07 
91 50 27 
03 45 44 
„и 89 41 58 
13 43 00 
71 71 oo 
19 28 15 
56 38 3o 
39 27 52 
13 13 28 
81 бо 84 
05 62 98 
62 97 16 


31 13 63 
97 38 35 
32 11 78 
81 99 13 


07 12 15 
64 27 до 
80 71 86 
27 об 08 
54 68 97 
02 92 65 
83 52 57 
82 82 76 
38 бт 34 
OI OI тї 
21 66 14 
32 29 30 
04 59 21 
38 64 50 
48 33 50 


87 о8 
65 42 
бо 53 
96 72 
96 86 
08 51 
37 оо 
25 24 
65 77 


58 84 
43 52 
4т 03 
09 92 
20 54 
68 99 
78 62 
31 33 
од 49 
88 38 
38 28 
69 59 
65 47 
07 36 
83 53 


TABLE XXXIII. 


13 50 63 04 
78 66 28 55 
51 57 32 22 
66 86 65 64 
19 83 52 47 
51 78 57 26 
79 68 96 26 
13 52 93 79 
63 99 25 69 
86 28 30 02 
97 96 47 59 
93 41 69 96 
40 24 74 36 
06 об 16 25 
97 81 26 03 


65 99 59 97 
16 91 21 32 
62 03 89 26 
92.27 13 49 
45 51 94 69 
оо 8т об 28 
05 06 42 24 
12 68 46 55 
07 79 26 69 
52 16 16 23 
16 ог 92 58 
89 84 05 34 
51 99 98 44 
08 12 бо 39 
69 99 47 26 
88 ог 28 79 
59 45 27 08 
84 27 17 30 
65 45 53 41 
48 28 ог 83 


93 18 31 83 
18 26 32 96 
45 62 63 40 
26 22 59 28 
33 26 74 93 
05 53 15 26 
98 бт 7о 48 
85 13 41 38 
од 41 66 од 
03 10 16 82 


54 08 18 07 
68 50 33 31 
39 90 89 86 
56 50 45 94 
59 77 64 59 


x 


32 
38 
o4 
48 
07 
59 
бї 
56 
21 
47 
39 
23 
52 
50 
51 
37 
07 
84 


94 
47 
77 
25 
go 


25 
47 
12 
56 
65 
34 
то 
48 


код 


71 
56 
97 
40 
17 
39 
до 
бо 
35 
37 
оо 
12 
бо 
бо 


RANDOM NUMBERS (У) 


47 
46 
72 
59 
оо 
87 


39 
21 


88 


9r 
9o 
27 
36 
93 
23 
66 
74 


75 


86 86 88 
28 48 30 
58 92 62 50 


118 


13 
o8 
77 
75 
51 
95 
56- 
63 
78 
47 
36 
59 
24 


52 62 
55 98 
44 67 
46 44 
зо 80 


89 99 
62'o3 
17 27 
19 79 
93 74 
17 18 
42 37 
35 63 
26 41 
98 то 
56 16 
31 85 
78 12 
98 81 
95 66 


93 35 
72 93 
то 81 
85 79 


24 
18 
32 
33 
95 
93 
55 
27 
95 
21 


76 


32 25 34 


08 64 


бо 73 


Во 


73 


19 
то 
23 
63 
19 
39 
86 
51 
o7 
86 


o3 


93 09 45 89 


54 
68 


13 


67 48 
92 o5 
95 o7 
50 об 
23 27 


"28 94 


55 33 
96 29 
84°48 
9o 21 
27 28 
42 85 
59 43 
63 94 
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TABLE XXXIII. RANDOM PERMUTATIONS OF 10 NUMBERS 
o ња 2 3 4 5 6 7 8 9 о т 2 3 4 
5 6 7 8 9 о ї 2 3 4 5 6 7 8 9 
03528 28071 07041 45167 35421 71345 47286 83567 94170 46789 56471 65132 18294" 73618 89714 
49761 39465 52683 82003 09867 06982 10359 49102 65328 02531 93208 74809 50376 04952 02365 
80219 29485 85093 45687 32579 52867 70851 03621 51490 53180 76283 90287 34605 67295 82906 
43657 70361 24176 30129 48016 03194 29463 94587 32768 76924 90451 56314 12879 10834 45137 
36524 07561 67820 20739 69045 54978 90317 64529 57319 74861 94816 10798 06431 07196 
97801 98234 13459 58146 13782 36102 48562 78301 64802 39502 05723 32546 20857 32584 
56913 06289 64527 30265 43209 84152 69183 01278 41973 03471 85014 0162$ 42016 90164 90418. 
84027 51734 80193 49718 81675 69307 47250 39546 25068 56829 27639 73954 58370 53827 73625 
70523 83297 81239 05913 75206 18350 81623 59327 08317 39581 45736 12087 40568 40819 
68194 60541 06745 68742 38491 67924 07549 64081 56492 60247 19802 54360 23017 52367 
50208 56078 74268 54981 12573 51246 43985 04628 54670 93108 86341 10678 70408 53920 91478 
13674 31492 09351 27630 68490 38097 27160 97531 32918 67542 95207 42593 51239 74018 32050 
40329 15237 65897 18603 43709 10783 41237 72168 87194 80472 38125 23045 7395! 52831 
71568 98604 13402 20547 58612 95426 89605 35904 23506 69351 46970 10687 06254 49760 
78136 62531 92143 28935 98410 78059 76901 24618 85102 30642 10378 61739 4198c 65943 
09452 84097 05876 46107 75236 61432 35482 57003 93647 15987 24956 08245 25705 80172 
58236 29871 53107 50762 47103 81973 35716 83924 21593 98432 95260 83496 27810 24851 
10974 64350 89264 41839 60852 65042 42080 67501 40678 57601 84371 17250 05034 90367 
83417 26179 19562 71358 78542 72896 74312 57346 16248 68102 76581 73294 02698 35710 
29065 45038 38704 90246 13069 43105 85960 82019 07305 53794 24309 86015 43517 98624 
48210 25789 52193 36489 82167 01325 52839 25301 24150 71306 06417 23057 80129 34620 
па ээд 0468) 17502 49053 74896 70614 78649 63087 94258 58329 94168 65374 87915 
7439 4506: 21035 64530 84067 32516 57819 23461 15894 20935 37198 6798. 86 58 
9 7993 947 58037 
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TABLE XXXIII. 


RANDOM PERMUTATIONS OF 


10 NUMBERS—continued 


| 5 6 7 8 9 о І 2 3 4 5 6 7 8 9 
= o І 2 3 4 5 6 7 8 9 о І 2 3 4 
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Д 03546 61985 54281 24967 82094 61503 73862 31645 48360 00427 20587 36475 69187 39540 03586 
а 495 | 60294 25316 24936 48193 74318 78629 31609 92045 50729 34792 42795 56780 87056 87204 30208 
у 83175 80074 70815 57602 52609 41530 85427 68731 81643 60518 13608 21493 13924 56391 54761 
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585 | 43027 59671 09746 20837 12436 87543 16482 75204 47038 42183 32509 06952 27589 35012 60287 
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TABLE XXXIV. CONSTANTS, WEIGHTS AND MEASURES, ETC. 
Mathematical Constants 


п--3:14159 26535 89793 23846 e=2'71828 18284 59045 23536 y=0'57721 56649 01532 86061 
logyg7=0'49714 98726 94133 85435 logye—0-43429 44819 03251 82765 — eY—r78107 24179 90197 98522 
1|/Угя--ог 39894. 22804 01432 67794 log,10=2' 30258 50929 94045 68402 £-Y—0'56145 94835 goues 16983 

Physical Constants 


Velocity of light = 3:00 X 10" cm./sec. = 186,000 miles/sec. The first number is the ratio of electromagnetic 


to electrostatic unit of charge. 


Tonic (electronic) charge () —477X1o7 E.S.U. = 159X107 E.M.U. Mass of electron (7%) = 


дгоо X 107? р, 
Planck's constant (4) = 6:55 X 107?" erg secs. 
Enefgy of gas molecule per 1? C. absolute = 2:06 x 10716 ergs. E 


Number of molecules in т gm. molecule of gas = 6-06 X 10. 

- Electrical charge of 1 gm. equivalent in electrolysis (Faraday) = 9:65 x то? E.M.U. 

Gas constant (2) = 8:315 X 107 c.g.s. (ро = RT х mass in gram molecules). 

Constant of gravitation (С) = 6:67 x 107? c.g.s. (f = Стт |"). 

Acceleration due to gravity (g). Teddington (М. 51° 281): 981181 cm,/sec.2 = 32:191 ft.[sec.* ; 
Washington (38° 56:5): 98:082; whence at lat. А, height 27 m.: 980:618—2:586 cos 2А 003 cos 44, 
—+0003086 H. 

The earth. Equatorial radius = 3963:4 miles, polar radius = 395070 miles, 1° of Latitude = 68:70 mls, 
(equator), 69:41 mls. (pole). Mean density = 345 Ib. |ft.3 = 5:517 8./ст.3 

Distance of sun = 93x тов miles. Distance of moon = 239,000 miles. 

Solar radiation (Washington, D,C.) = +035 cal./cm.?/sec. 

Velocity of sound (6° С.) = 3:35 X 104 ст. /ѕес. = 1100 ft./sec. Audible sound: Lower limit, 30 vibr./sec. ; 
upper limit, 24,000-41,000 vibr./sec. Middle C of piano, 261 vibr./sec. Wave-lengths of visible light: 
4 to 7 X 107? cm. 

Centigrade -40 -30 -20 -10 о то 20 30 40 50 100 С КО, 
Fahrenheit —40 -22 -4 14 32 50 68 86 104 122 212 Absolute zero of temperature — 
Réaumur -32 -24 216 -8 o 8 16 24 32 40 Во -273 1° C. 


Temperature | 
Equivalents 1 


Mechanical and Electrical Units 

Force. g dynes = 1 gm. weight, g poundals = т lb. weight, where g is acceleration due to gravity measured 
in appropriate units (cm./sec.? or ft./sec.2), т poundal = 1: 3825 X то? dynes. 

Pressure. т atmosphere = 760 mm. (29:921 ins.) of mercury (o? C., Lat. 45°) = 33899 ft. of water (4° С.) 
= 14696 1./іп.2 = 1:01325 X ro dynes/cm. т bar = тоб Чупез/ст.? = "98602 atmos. т lb./in.* = 70° 307 
(1/*014223) gm./cm.? 

Work, Power, etc. т erg = 1 дупе ст. 1 joule = то? ergs = 1 watt sécond. т foot pound = 1:356 x 107 
ergs. 1 horse power (H.P.) = 550 ft. Ib. per sec. = 746 watts (continental Н.Р. = 736 watts). т calorie = heat 
to raise r gm. of water 1? C. at a specified temperature. 1 15° C. calorie = 1 mean calorie (o? C.-100° C.) = 
4°185 Хто? ergs. т British Thermal Unit (т lb. water x1? Е.) = 252-0 calories = 2:930 X 107 kilowatt hours = 
3'929 X 107* horse power hours = ro-5 gas therms. 1 Board of Trade Unit = т kilowatt hour. 

Electrical. Relations between engineering units and electromagnetic units. Charge: coulomb = 107! 
EMU. Current: ampere = rot E.M.U. Potential: volt = 108 E.M.U. Resistance : ohm = 10° Е.М.Џ. 
Capacity: farad = 107 E.M.U. Inductance: henry = 10? E.M.U. Flux: maxwell = 10° E.M.U. 
Magnetic force : gauss = то? E.M.U. 


Supposed Duration of Geologic Periods (E. И’. Barnes) 


, Duration Duration 
t Million Years. Million Years. 
: я Pleistocene Permian 1 
Tertiary ог Cainozoic era Pliocene Newer Paleozoic era Carboniferous 175 
Miocene 60 Devonian | 
Age of Mammals Oligocene 
Eocene 
Silurian 
Older Paleozoic era Ordovician і» 250 
Secondary ог Mesozoic || Cretaceous Cambrian. | : 
era Jurassic 85 Archzeozoic era . А : d 5 300 
Age of reptiles Triassic Eozoic era а 5 : : 500 


Possible age of planet 2000-4000 million years, 
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TABLE XXXIV. CONSTANTS, WEIGHTS AND MEASURES, ETC.—continued 
The Elements and their Atomic Weights 


H Hydrogen т'оо8о | Cr | Chromium 52:01 || Ag | Silver 107880 || Yb | Ytterbium 173'04 
He | Helium 4:003 || Mn | Manganese 54:93 | Cd | Cadmium 112:41 || Lu | Lutetium 174799 
4 | Lithium 6-940 | Ее | Iron 55:85 |In | Indium 114776 || Hf | Hafnium 178:6 
Ве | Beryllium 9:013 | Со | Cobalt 58:94 || Sn | Tin 118-70 || Та | Tantalum 180:88 
В | Boron 10:82 Ni | Nickel 58:69 || Sb | Antimony 121:76 | W | Tungsten 183:92 
e Carbon 12:010 | Cu | Copper 63:54 || Te | Tellurium 127:61 | Ќе | Rhenium 186:31 
N Nitrogen 14г008 | Zn | Zinc 65:38 |I | Iodine 126-91 | Os | Osmium т90-2 
) | Oxygen 16:000 || Ga | Gallium 69:72 || Хе | Xenon, 1313 | Ir | Iridium 1931 
? Fluorine 19:00 Се | Germanium | 72°60 || Cs | Cesium 132:91 | Pt | Platinum 195723 
с | Neon 20:183 | As | Arsenic 74:91 || Ва | Barium 137:36 | Ач| Gold 197°2 
a | Sodium 22-407 || Se | Selenium 78-96 || La | Lanthanum 138-92 | Hg | Mercury 200:61 
g | Magnesium | 24:32 Br | Bromine 79:916 | Се | Cerium 140'13 || Tl | Thallium 204:39 
Ғ | Aluminium | 26:98 Кг | Krypton 83:80 || Pr | Ргаѕсодутішт | 140-92 || Pb | Lead 207°21 
! Silicon 28:09 Rb | Rubidium 8548 | Nd | Neodymium  |144:27 | Bi | Bismuth 20900 
Phosphorus | 30975 | Sr | Strontium 87:63 | Pm] Promethium (145) Po | Polonium 210 
| Sulphur 3207 Y | Yttrium 88-92 || Sm | Samarium 150:43 | At | Astatine (210) 
Chlorine 35°457 | Zr | Zirconium 91:22 | Eu | Europium 152'0 Rn | Radon 222 
Argon 39:944 | Nb | Niobium 92:91 || Gd | Gadolinium 156'9 Fr | Francium (223) 
Potassium | 39-100 | Мо | Molybdenum | 05:05 || Tb | Terbium 15012 Ra | Radium 226°05 
X | Calcium 40:08 Тс | Technetium (99) Dy | Dysprosium 162:46 || Ac | Actinium 227 
Scandium | 44:96 Ru | Ruthenium тот7 | Но | Holmium 164:94 | Th | Thorium 23212 
Titanium 47:90 Rh | Rhodium тогот || Er | Erbium 167:2 Ра | Protoactinium | 231 
Vanadium | 50:95 Pd | Palladium 106:7 || Tm | Thulium 1694 U | Uranium 23807 
Densities 
;uminium 2"70 | Iron 7:86 | Platinum 21:50 | Coal 1:2-1:8 | White pine +4 - "5 | Glass 24-45 
эррег 8-93 | Lead 11°37 | Silver 10:5 | Granite 2:5-3 | Beech, oak "7 - "9 | Seawater 1:01-1:05 
jamond 3:52 | Magnesium 1'74 | Tin 7°29 | Quartz 2:66 Ebony rr -г3 | Loose snow *12 approx. 
old 19:32 | Mercury — 13:56 | Zinc та: | Slate | 2:5-2:7 | Cork +22 - "26 | Soil r6 approx. 


Unit density = 1 g. per cu. ста. = "036128 lb. per cu. in. 


Equation of Time 
m. r+ gm. 115.| Mar. тат. 345.| Мау 1—2m.57s.| July  x--3m.32s. | Sept. 16— sm. 6s.| Nov. 16 —15m.1s. 


h. 1169 33 p 16+8 5x » 14-3 49"| „ .26-6 TIO г-то 16 Dec. r—1o 56 
‘eb, т+13 37 | Apr. “1+ 4 т |June 1-2 27 | Aug. 16+4 11 „ 16 —14 воен» 196 ЖЕ 
p ТЕ "|, 10226 о као о | Sept то о Nov 4-16 2x*| o 25 320500 


When positive add the equation of time to apparent solar time to obtain mean solar time. The values given are 
mean values. Maxima and minima are marked with asterisks, 1 sidereal дау = 23 В. 56 m. 4:09 s. 


Saturated Vapour Pressure of Water (Millibars) 


Кен -5о -4о -зо —20 —10 -5 —2 40 73:76 
Їсе “039 "129 "381 1:035 2:боо 4017 5173 50 1233 
Vater - - - 1:270 2:865 4217 5:274 бо 199'2 
70 3116 
ЁС, о 1 2 3 4 5 6 7 8 9 80 4734 


о 6105 6567 7:058 7:579 8-134 8-723 9:350 10'02 1073 1148 до того 
то | 12:28 13:12 14:02 14°97 15:98 17:05 18-18 19:37 2063 21:97 100 10152 
го | 2338 | 24:86 2643 2809 2983 | 31:67 | 33:61 3565 3780 4005 | 200 | 15544 
8o | 42:43 . 4492. 4755 | 5031 5319 56:23 | 5941 6275 6625 бода | 3o 

Critical temperature: 374°. Critical pressure: 220"6 bars, Interpolate logarithmically. 


Composition of Fertilizers (Commercial Grades on the English Market) 


о 

oc 
са 
© 

o 
Ба 


| %N %Р:05 96K40 
phate of ammonia . . 20:6 Superphosphate . 16-18 В Sulphate of potash . 48 

trate of soda . + . 3 х6 Triple superphosphate 48 Muriate of potash . 50-60 

trochalk : 5 ж RES Basic slag 5 . 10-18 } TC Potash manure . ехо 

| Rock phosphate . 26-28 


lome of these fertilizers are mixtures of two or more constituents in naturally occurring or conventional proportions, 1952 values are given, 
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Length 
1 foot = 12 ins. 1 yard = 3 ft. 
т mile = 1760 yds. = 5280 ft. 
(бо m.p.h. = 88 ft. per sec.) 


т surveyor's chain = 22 yds. 

(1 engineer’s chain = тоо ft.) 

1 link = 43s chain = 7:92 ins. 
(1 rod, pole, or perch = } chain.) 
т furlong = то chains = $ mile. 


т fathom = 6 ft. т cable = 100 fath. 
1 nautical mile = 6080 ft. 

= т minute of arc of equator. 
(т knot = т nautical mile per hour.) 


Archaic (approximate) : 
т hand = 4ins. 1 cubit = 18 ins. 
rell = 45 ins. 1 league = 3 miles. 
Area 
т acre = то sq. chains—4840 sq. yds. 
т sq. mile = 640 acres. 
(x rod = yhy ac., т rood = 1 ac.) 


Weights and Measures of the United States of America 


English Weights and Measures 


Weight 
Avoirdupois (General System) 
1 ounce (oz.) = 16 drams (dm.). 
т pound (15.) = 16 oz. 
rstone = 14 №. т quarter = 28 Ib. 
1 hundredweight (cwt.) — 112 Ib. 
— 4 quarters — 8 stones. 
1 ton = 20 cwt. = 2240 lb. 


Apothecary Troy 
(Drugs) (Precious Metals) 
1 drachm=60 grs. | т pennyweight 
(т scruple=20 grs.) | (dwt.) = 24 grs. 


т ounce = го dwt. = 8 drachms. 
1 pound = 12 oz. = 5760 grs. 


( Ib. avoirdupois = 7000 grs.) 
‚ Money 
1 shilling (s.) = 12 pence (4.). 
1 pound (£) = 205. 


Also farthing ({d.), florin (2s.), half- 
crown (28. 64.) and guinea (215.). 


Volume 
(Liquid) 
т gallon = 4 quarts = 8 pints | 
= 32 gills = 16054 (1/6: 2290) cu. ft 
т gallon water (62° Е.) weighs то Ib. ay 
(in air against brass weights). 


1 fluid drachm (5) = бо minims (lU), 


1 fluid oz. (5) = 8 dr. = зу pint. 
1 fluid oz. water (62° Е.) weighs т oz, ах 
(Dry) 


т peck = 2 gals, 1 bushel = 8 gals. 
т sack = 4 bush. т quarter = 8 bust 
(G firkin = 95415. т barrel = 36 gals 


А | 
1 register ton = тоо cu. Й. Ї 
т rod = тооо cu. ft. 


— зако 


Weights and measures are the same as the English systems, except for small differences in standards, and the folle 


ing exceptions :— 


т hundredweight (short) = roo Ib., and т ton (short) = 20 cwt. = гооо lb. The English (long) ton, 2240 1b. 


also used. 


Dry measures of volume are 3 per cent. less than the corresponding English measures, being based on the Winches 
bushel instead of the Imperial bushel. Fluid measures of volume are $ of the corresponding English measures. (Her 
in the U.S. system 1 bushel = 93092 fluid gallons) Also т U.S. fluid ounce = ў; U.S. pint, so that a fluid ounce 


water weighs 110408 oz. av. (See also conversion factors.) 


A township = 36 sq. miles. А billion (French Miliard) = то?, a trillion = 102. (English billion = то, trilli 


= то.) 


The Metric System 


The metre is (very nearly) то-? of the distance from the pole to the equator. 
The gram is (very nearly) the mass of т cubic cm. of water at maximum density (3:98? C.). (Actual mass of 1 « 


of water — "999973 g.) 


The litre is (very nearly) rooo c.c. (г litre = the volume of 1000 g. of water at 3-98“ С. = 1000027 c.c.) 
Also т are = тоо sq. metres, so that г hectare = 10,000 sq. m. 


= ү}. 


— 100 


sq. km.; г metric quintal (doppel zentnj 


U.S.S.R. centner) = roo kg.; т metric ton = 1000 kg.; т Continental pound = 2 kg.; г stere = 1 cu, m. 1 micr 


(и) = 1079 m. 


т angstrom unit (A) = 10-10 m. 


: пай -6. mille-, 1073; i -а. = Е rs 5 
Prefixes: micro-, 10; mille-, 10-3; centi-, 1o2; deci-, 1071; Deka-, то; Hecto-, 102; Kilo-, 103; Муна», и 


Mega-, 108, 


ЫС Be: Factors 

т уаг ^D.) = "914,399 metres. 

1 yard (U.S.A.) = *914,402 metres. 
т pound = 453: 5924 grams. 

т gallon (С.В.) = 4: 545,963 litres, 

1 gallon (U.S.A.) = 3: 785,332 litres. 
т bushel (U.S.A.) = 35+238,33 litres. 


_ Capacity (Great Britain) 
1 pint "56825 (1/1" 7598) litres. 
1 gallon = 4:5460 (т/*21998) litres. 
1 bushel = 36-368 (1/-027497) litres. 
1 British pint, gallon, 
1 British bushel, etc. 


1 sq. inch = 6:4516 (1/ 15500) sq. cm. 
1 sq. foot = "092903 (1/10:764) sq. m. 
т sq. yard = "83613 (1/1 тобо) sq. m. 

1 sq. mile = 215900 (1/:386т0) sq. km. 


Conversion Factors 
_ Length 
1 inch = 2: 5400 (1/:39370) ст. 
1 foot = - 30480 (1/3: 2808) m. 
т yard = "91440 (т/1*0936) т. 
т mile = 176093 (1/:62137) km. 


Capacity (U.S.A.) 
тиша 2 Pint = +47317 (1/2:1144) lit. 
ын i gall. = 3:7853 (1/:26418) lit. 
Dry: т bush. = 35:238 (1/:028378) lit. 


etc, = 1:20094 (1/:83268) U.S, fluid pints, gallons, etc. 
= 103205 (1/:96895) U.S. bushels, etc. (dry). 


Area, etc. 
1 acre = "40468 (1/2:4711) hectares. 
1 lb. per acre = 31209 (1/-89218) kg. 
per ha. 
1 cwt. per acre = 12554 (1/:79659) 
т.д. per ha. 


Weight 
1 grain = +064799 (1/15:432) в. 
т ounce = 28:350 (1/-035274) В. 
1 pound = "45359 (1/2:2046) kg. 
1 cwt. = * 50802 (1/1:9684) m. quint 
т short cwt. = *45359 (1/2:2046) m. 
1 ton = готбо (1/-98421) metric toll 
т short ton = "90718 (1/1:1023) m.t 


| 
1 


Volume 
1 cu. inch = 16:387 (1/-o61024) c.c. 
рси, foot = 028317 (1/35:315) cu. 
1 cu. yard — 76455 (2/0 3080) cu.m |, 


И 
I ton per acre = 2:5107 (1/:39829, 
tons рег ha. 
т bushel per acre = 89:867 (1/-or1 
litres рег ha. (U.S.A.) = 87 
(т/ от1484) litres per ha. 


Bushel weights (average): wheat, 63 Ib. oats, 42 1b.; barley, 561Ъ.; maize, бо Ib.; beans, peas, 64 lb. 
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